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Abstract

Context

In 2010, the World Health Organization released benchmarks for training in osteopathy in
which they considered cranial osteopathy as an important osteopathic skill. However, the
evidence supporting the reliability of diagnosis and the efficacy of treatment in this field
appears scientifically weak and inconsistent.

Objectives

To identify and critically evaluate the scientific literature dealing with the reliability of diagno-
sis and the clinical efficacy of techniques and therapeutic strategies used in cranial
osteopathy.

Methods

Relevant keywords were used to search the electronic databases MEDLINE, PEDro,
OSTMED.DR, Cochrane Library, and in Google Scholar, Journal of American Osteopathy
Association and International Journal of Osteopathic Medicine websites. Searches were
conducted up to end June 2016 with no date restriction as to when the studies were com-
pleted. As a complementary approach we explored the bibliography of included articles and
consulted available previous reviews dealing with this topic.

Study selection

Regarding diagnostic processes in cranial osteopathy, we analyzed studies that compared
the results obtained by at least two examiners or by the same examiner on at least two occa-
sions. For efficacy studies, only randomized-controlled-trials or crossover-studies were eligi-
ble. We excluded articles that were not in English or French, and for which the full-text
version was not openly available. We also excluded studies with unsuitable study design, in
which there was no clear indication of the use of techniques or therapeutic strategies con-
cerning the cranial field, looked at combined treatments, used a non-human examiner and
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subjects or used healthy subjects for efficacy studies. There was no restriction regarding the
type of disease.

Search Results

In our electronic search we found 1280 references concerning reliability of diagnosis studies
plus four references via our complementary strategy. Based on the title 18 articles were
selected for analysis. Nine were retained after applying our exclusion criteria. Regarding effi-
cacy, we extracted 556 references from the databases plus 14 references through our com-
plementary strategy. Based on the title 46 articles were selected. Thirty two articles were
not retained on the grounds of our exclusion criteria.

Data extraction and analysis

Risk of bias in reliability studies was assessed using a modified version of the quality appraisal
tool for studies of diagnostic reliability. The methodological quality of the efficacy studies was
assessed using the Cochrane risk of bias tool. Two screeners conducted these analyses.

Results

For reliability studies, our analysis leads us to conclude that the diagnostic procedures used
in cranial osteopathy are unreliable in many ways. For efficacy studies, the Cochrane risk of
bias tool we used shows that 2 studies had a high risk of bias, 9 were rated as having major
doubt regarding risk of bias and 3 had a low risk of bias. In the 3 studies with a low risk of
bias alternative interpretations of the results, such as a non-specific effect of treatment,
were not considered.

Conclusion

Our results demonstrate, consistently with those of previous reviews, that methodologically
strong evidence on the reliability of diagnostic procedures and the efficacy of techniques
and therapeutic strategies in cranial osteopathy is almost non-existent.

Introduction

Osteopathy as a discipline was founded in the USA in 1874 by Andrew Taylor Still [1]. 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 Orga-
nization. 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 [2]. After the establishment of the first independent
school of osteopathy in 1892, some graduates began to develop and teach new concepts in oste-
opathy. One of these concepts was cranial osteopathy, or “osteopathy in the cranial field”, elab-
orated by William Garner Sutherland in the early 20™ century. The biological model called
upon to maintain cranial osteopathy is the disputed “primary respiratory mechanism”. Initially
developed by Sutherland, this mechanism suppose that intrinsic rhythmic movements of the
brain cause rhythmic fluctuations of cerebrospinal fluid and specific changes among dural
membranes, cranial bones and the sacrum, that can be detected by palpation. In brief, cranial
osteopathy consists of a non-invasive hands-on gentle manipulation of the skull to modify the
parameters of this mechanism.
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Objective data about the number of practitioners trained in cranial osteopathy or the fre-
quency of use of cranial techniques in osteopathic practices are rare and inconsistent, mainly
because of the lack of representativeness of the samples surveyed. Reports on the numbers of
patients receiving cranial osteopathy vary widely, from 3.4% [3] to 94.8% [4] of those resorting
to osteopathy. While some countries specifically prohibit teaching of cranial techniques (such
as France [5]), nevertheless the WHO included cranial osteopathy among its benchmarks for
training in osteopathy [2]. Such benchmarks require evidence based proof of safety, efficacy
and quality assurance before a discipline can be introduced in the health care system. To
achieve these criteria the diagnostic procedures have to be reliable and the proposed therapies
to have been shown to be efficacious.

To date, three reviews of the literature (two systematic) have examined the intra and inter-
examiner reliability of the diagnostic procedures used in cranial osteopathy [6-8]. However,
all three had several limitations. That of Hartman et al. [7] cannot be considered as systematic,
Green et al. [6] did not perform a systematic data analysis (i.e. they used a systematic method
to extract relevant articles but described no standardized reliable method used to analyse the
data), and Fadipe et al. [8], used a systematic method of analysis, the quality appraisal tool for
studies of diagnostic reliability (QUAREL), but did not examine bias introduced by unblinded
studies.

To our knowledge, four systematic literature reviews have been performed on the efficacy
of therapeutic strategies in cranial osteopathy. Their qualities are variable; for example, the
review conducted by Green et al. [6] has very broad inclusion criteria, with non-randomized
or non-controlled studies included. Even if these points are not problematic from the stand-
point of a general review (such as proposed by Green et al.), reviews that draw conclusions
concerning clinical efficacy (such as ours) should take into account the level of evidence. The
reviews by Jakel & von Hauenschild suffer either from non-systematic analysis of results [9] or
unsuitable methods for the analysis of bias [10]. Finally, Ernst [11] uses more suitable methods
for the determination of quality and an analysis of bias, and suggests eligibility criteria for stud-
ies that are in line with those conventionally used to assess efficacy.

Considering all these points, we conducted two systematic reviews to identify and critically
evaluate the scientific literature dealing with 1) the reliability of the diagnostic process and 2)
the clinical efficacy of techniques and therapeutic strategies used in cranial osteopathy.

Methods
Literature sources and search

In August 2015 we searched MEDLINE, PEDro, OSTMED.DR, and the Cochrane Library
databases and as well as Google Scholar, the Journal of American Osteopathy Association
(JAOA) and the International Journal of Osteopathic Medicine (IfJOM) websites.

The search strategy was as follows:

o for reliability studies, we started with the combination of keywords [“reliability” OR “agree-
ment” OR “reproducibility”] AND [“cranial” OR “craniosacral” OR “cranium” OR “primary
respiratory mechanism”]. When the number of references exceeded 100 hits with the above
equation, we added [“osteopathy” OR “osteopathic”].

o for efficacy studies, we used the combination of keywords [“cranial manipulation” OR “oste-
opathy in the cranial field” OR “cranial osteopathy” OR “craniosacral technique”] AND
[“medicine” OR “treatment” OR “therapy” OR “technique” OR “manipulation” OR “osteop-
athy” OR “osteopathic”].

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 3/21



@° PLOS | ONE

Osteopathy in the Cranial Field: A Systematic Review

Depending on the interfaces, keywords were entered in a classic search bar or, when possi-
ble, by selecting an advanced search tool for titles, abstracts and keywords. We performed the
search until 30 June 2016 without date limitation of publication (i.e. Date of publication filter
in search criteria was not filled).

In order to be exhaustive, we conducted a second search using a complementary approach
consisting of an analysis of the bibliography section of included articles, consultation of the
available systematic reviews dealing with our topic, and contacts with study authors or profes-
sional institutions to identify additional studies.

Eligibility criteria

Reliability of the diagnosis. We considered studies including a comparison of the results
obtained by at least two examiners (inter-rater reliability) or the results of at least two examina-
tions by the same examiner (intra-rater reliability). We only considered studies on humans
(patients or healthy volunteers).

Efficacy studies. For efficacy studies, we included only randomized-controlled-trials
(RCT) or crossover studies on patients, but not studies on healthy subjects.

Other exclusion criteria included articles not published in English or French, studies with
non-RCT or non-crossover study design, studies in which there is no clear indication for the
use of cranial osteopathy techniques and studies in which a combination of methods were pro-
posed, those that used non-human simulators, and finally studies for which we could not
obtain the full text version. We made no restriction in terms of the type of disease, healthcare
services involved or health outcomes.

Study selection

For inclusion in our review, studies had to meet the aforementioned eligibility criteria. For
study selection, we considered all techniques claimed by the authors to belong to the field of
cranial osteopathy or mentioned in the classical osteopathic literature. If in doubt, we consid-
ered the technique to be inside the field. Studies that described the use of techniques or diag-
nostic/therapeutic strategies from cranial osteopathy together with other diagnostic/
therapeutic modes but without performing subgroup analysis were excluded.

The systematic selection process was composed of 3 steps. Firstly we made a selection by
title. Duplications due to overlap in the coverage of the databases and off-topic studies were
excluded. Secondly, the abstracts of each study were analyzed. Studies that did not meet the eli-
gibility criteria on the basis of the content of their abstracts were excluded. Full-texts of the
remaining studies were obtained and the eligibility criteria were again applied.

For references obtained with the complementary approach, the study abstracts were ana-
lyzed and, if required, the full-text versions obtained to determine whether the studies met our
eligibility criteria.

Data extraction

The data extracted included: study design (including randomization and blinding procedures),
sample size and characteristics (such as age and/or disease or inclusion criteria), main out-
comes and results obtained.

For reliability studies we added information regarding examiners (e.g., number, qualifica-
tion, expertise) as well as the statistical methods used.

For efficacy studies, we added the primary outcome to be evaluated and a precise descrip-
tion of the treatments applied.

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 4/21



@° PLOS | ONE

Osteopathy in the Cranial Field: A Systematic Review

Assessment of risk of bias

In accordance with the guidelines [12], study screening and risk of bias assessments (for reli-
ability and efficacy) were done in duplicate by two screeners using standard forms. Disagree-
ments between the two screeners were resolved by consensus.

Assessment tool for reliability studies

For reliability studies, we assessed the risk of bias in each study using a modified version of the
quality appraisal tool for studies of diagnostic reliability (QAREL) [13]. Briefly, QAREL is an
11-item checklist that covers 7 key domains: the spectrum of subjects; the spectrum of examin-
ers; examiner blinding; effects of order of examinations; the suitability of the time-interval
between repeated measurements; appropriate test application and interpretation; and appro-
priate statistical analysis. Our intention was to use QAREL to analyze only the methodological
risk of bias. We considered items 1 (Was the test evaluated in a sample of subjects who were
representative of those to whom the authors intended the results to be applied?) and 2 (Was
the test performed by raters who were representative of those to whom the authors intended
the results to be applied??) of the QAREL as not referring to risk of bias but to applicability of
the results, defined by Atkins et al. [14] as the extent to which the effects observed in published
studies are likely to reflect the expected results when a specific intervention is applied to the
population of interest under “real-world” conditions. In the same context, the part of QAREL
related to statistical analysis (items 10 and 11) were not used and we conducted a separate anal-
ysis and interpretation of the statistics used in the included studies. Note that our analysis was
not so far from the QAREL items but benefited from more precise interpretation criteria, as
detailed later in the text. Lastly, for remaining items of the QAREL, we did not consider the
items n° 5 (Were raters blinded to the results of the reference standard for the variable being
evaluated?) and n° 9 (Was the time interval between repeated measurements compatible with
the stability of the variable being measured?) because there are no reference standards or evi-
dence regarding the stability of outcomes in the field of cranial osteopathy. To recap we
selected from the QAREL checklist items 3 (Were raters blinded to the findings of other raters
during the study?), 4 (Were raters blinded to their own prior findings of the test under evalua-
tion?), 6 (Were raters blinded to clinical information that was not intended to form part of the
study design or testing procedure?), 7 (Were raters blinded to additional cues that are not part
of the test?) and 8 (Was the order of examination varied?).

Two additional items were added to the previous checklist in order to cover parameters
known to influence the reliability of procedures involving manual therapies: 1) the personal
expertise of the examiner and 2) the existence of an appropriate blinding procedure for exam-
iners when testing subjects simultaneously. In fact, the personal expertise of the examiner has
been shown to strongly influence the reliability of testing procedures in the field of manual
therapy (see [15], [16] or [17] for examples of reviews on muscle testing, spinal palpation or
sacro-iliac joint tests, respectively). A suitable blinding procedure would be to have two exam-
iners performing tests simultaneously (generally one to the feet, the other to the head).

Rating rules for reliability studies

Each of our 7 items in a given study could be rated as having ‘Low’ or, ‘High’ risk of bias, or
‘Unclear’ risk of bias when the report was insufficiently detailed. For the personal expertise of
the examiner, we rated this item with high risk of bias when examiners were students or had
not completed their training in the discipline, with low risk of bias when examiners had gradu-
ated and an unclear risk of bias when this information was unavailable.
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The overall evaluation for a study, corresponding to general assessment of bias item, was:
‘High risk’ of bias when at least one item was rated as high risk; ‘Major doubt’ as to the overall
risk of bias when more than two items had an unclear risk of bias with all other items being
low risk; ‘Minor doubt’ as to the overall risk of bias when two or less items was/were judged to
have unclear risk of bias, with all others having low risk; and overall ‘Low risk’ of bias when all
items were rated as having low risk of bias.

Statistical analysis interpretation for reliability studies

Together with the general appraisal of bias, we analyzed and interpreted the statistical analysis
of results before concluding. Drawing inspiration from the QAREL items for statistical analysis
we tried to be more precise in our interpretation criteria. In fact, we considered reliability or
agreement as being satisfactory when classified, respectively, as excellent according to the
Fleiss’ classification (i.e. with an intraclass correlation coefficient (ICC) above 0.75) or as
almost perfect according to the Landis & Koch classification (i.e. with a kappa coefficient (k)
above 0.81) [18,19]. The targets we set for an acceptable standard might be considered as very
high for techniques in the manual therapy field but, considering that cranial osteopathy is
founded on a disputed concept (the primary respiratory mechanism), in our opinion this sta-
tistical precaution appears to be necessary.

As far as statistical methods are concerned we considered, in line with Lucas et al. [13], that
intraclass correlation was appropriate for assessing inter-rater reliability on quantitative, ordi-
nal, interval, and ratio variables, while kappa is a useful measure of inter-rater reliability for
nominal (i.e., categorical) variables. To be precise, ICC assesses rating reliability by comparing
the variability of different ratings of a given subject to the total variation across all ratings and
all subjects. Thus, ICC is suitable for studies with two or more raters, and may be used when
all subjects in a study are rated by multiple raters, or when only a subset of subjects is evaluated
by multiple raters and the rest are rated by only one. In other words, ICC is a useful estimate of
reliability because it is highly flexible. Other correlation statistics, such as Spearman or Pearson
analyses, percentage agreement or measures of precision (such as confidence limits) are not
appropriate for estimating reliability [13,20].

Assessment tool for efficacy studies. In order to assess the risk of bias in efficacy studies
we used the Cochrane risk of bias tool [21]. In short, the Cochrane risk of bias tool estimates
the risk of bias arising from six domains: generation of the allocation sequence, concealment
of the allocation sequence, blinding, incomplete outcome data, selective outcome reporting,
and other biases.

Rating rules for efficacy studies. The Cochrane risk of bias tool allocates a level of risk by
domain, evaluated as ‘Low’ or ‘High’ risk of bias, or ‘Unclear risk’ of bias when the information
given was insufficient. To determine this last point the 2010 CONSORT checklist was con-
sulted [22]. In fact this checklist, together with the explanatory and elaboration document pro-
vided by CONSORT, provides detailed information to evaluate items of the Cochrane risk of
bias tool. We can reasonably consider that if the information available on the study did not
enable us to complete the checklist, an “unclear” risk of bias should be allocated to the item.
Concerning the last item of the Cochrane risk of bias tool, that of “other biases”, our strategy
was to search any potential source of bias typical of clinical trials, such as absence of placebo
treatment, compliance bias etc. (see [23] for an inventory). This states that such biases should
be of sufficient magnitude to have a notable impact on the results or conclusions of the trial,
whilst recognizing that subjectivity is involved in any such assessment.

However, considering that a high risk of bias in the domain of blinding is inherent to the
field of manual therapies, we modified the overall risk of bias measurement. Thus for studies
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in the field of manual therapy the overall risk of bias would be: ‘High’ when at least one item in
addition to of “blinding” had a high risk of bias; ‘Major doubt’ regarding the risk of bias when
two or more items had an unclear risk of bias, with all other domains (aside from blinding)
having a low risk of bias; ‘Minor doubt’ regarding the risk of bias when only one item was
judged to have an unclear risk of bias, with all others (aside from blinding) having a low risk of
bias; and ‘Low risk’ of bias when all items other than blinding had a low risk of bias.

All studies included in our review were analyzed using this last procedure.

Results
Reliability studies

Our standard search procedure identified 1280 articles, of which eight met the inclusion crite-
ria (Fig 1). Our complementary search strategy gave four more articles with only one meeting
our inclusion criteria. Details of these studies are summarized in Table 1.

For two articles our analysis led us to consider their results as unusable. We considered as
unusable results that could not be interpreted because of serious mistakes in data presentation
or calculation, aside from the meaning of the results in terms of reliability. In fact, as previously
noted by Hartman & Norton [7], the article by Upledger [24] showed many serious biases such

Standardized procedure

- Cochrane (n=32)
- 1JOM (n=22)

- JAOA (n=264)

- Medline (n=861)
- OSTMED (n=52)
- PEDro (n=2)

- Scholar (n=47)

Total (n=1280)

Articles excluded for failing to meet
inclusion criteria after reading title
(n=1266 ; with 38 duplicates)

Articles for review of
abstract (n=14)

Articles excluded (n=6)
- no abstract available (n=4)
- literature review (n=1)
- inappropriate design (n=1)

A4

Articles for review of full-
text (n=8)

Complementary strategyg

Atrticles excluded (n=0) Total (n=4)

Articles not selected (n=3)
- not accessible (n=2) i«
- inappropriate design (n=1);

v

Articles included for analysis after full-text reading (n=9 ; with 1 from complementary strategy)

Y

Fig 1. Flow chart of the study selection process for the systematic review of studies dealing with the
reliability of diagnosis in the field of cranial osteopathy.

doi:10.1371/journal.pone.0167823.9001
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Table 1. Summary of included studies dealing with the reliability of diagnosis in cranial osteopathy.

First Subjects (number; disease
authors status; age in yrs)
Upledger | N=25;not

[24] reported; A =3-5

Wirth- N = 12; history of trauma,
Pattullo [25] | surgery, or “learning
disabilities” ; A = 10-62
Norton [26] | N=9; healthy ; A =22-28
Hanten [27] | N=30; any disease or
trauma about the skull or
spine ; A=22-54
Rogers [28] | N=28; healthy ; A=18-48
Vivian [29] | N =48; not reported; some
subjects could have chronic
or recurrent pain ; A =7-63
Moran [30] | N=11; healthy; A=18-44
Sommerfeld | N =49 ; healthy ; A=19-61
[31]
Halma[32] | N=48; 16 asthma, 17

headache, 15
healthy ; A: 18-75

Raters (number ; degree
(s) ; expertise)

N =4 ; one DO (founder of CST)
and three MDs; one trained by the
CST founder and two considered
as “skilled examiners”

N=3(X, Y andZ); PT trained in
CST;2-4yrs

N =6; MD-DO ; “extensive
training and experience in cranial
osteopathy”

N=2(X&Y);PT students ; 11

months

N=2(X&Y);onePT&oneRN
trainedin CST;: 5 & 17 yrs
respectively

N=2;DO;12& 15yrs

N=2("X"&“Y");DO;45&6.5

yrs

N=2;DO;7yrs

N=2;MD-DO; 14 & 6yrs

Study Characteristics &
Parameter(s)

Inter-examiner : (1)
CRI-F; (2) restriction of
motion in several areas
(19 modalities)

Inter-rater : cranial
motion F

e intra-rater of : (1)flexion-
duration of the CR ;

and (2)duration of cranial
cycles (second)

e inter-rater : CR-F (cpm)

Intra & inter-rater : CR-F

Intra & inter-rater : CR-F
to the head and feet

Inter-rater of : (1)
presence of a partially
flexion-restricted motion
of the skull ; (2) presence
of a total flexion-
restriction motion of the
skull

Intra & inter-rater
of : CRI-F to the head
and/or sacrum

Intra & inter-rater

of : PRM-

frequency ; PRM flexion-
stage duration ; ratio of
the flexion-stage and the
extension-stage duration
of the PRM

Intra-rater of : (1)
CRI-F; (2) cranial strain
patterns ; (3) quadrants
of restriction with 4
modalities

Reliability
Measure Used
Reliability
coefficient (no
more
information)

ICC (2,1)

Pearson product-
moment
correlation
coefficient

ICC (1,1)

ICC (2,1)

Cohens’s kappa

ICC (2,1)

95 % limit of
agreement
(Visual
representation)

Cohens’s kappa
with 95 %
confidence
intervals

Main Results

inter: (1) : missing data;
(2) : coefficient ranged
from O0to 1 forall
modalities and

examiners

inter: X-Y:-0.33; X-Z:
-0.,60;;Y-Z:0.49;
X-Y-Z:-0.2

eintra: (1) : missing
data; (2)

einter:-0.32t0-0.28

eintra: X:0.78;Y:0.83
einter:0.22

eintra: X:0.18 for head
and 0.30 for feet ;

Y :0.27 for head and
0.29 for feet

e inter : 0.08 (head)
and0.19 (feet)

inter: (1):-0.02; (2) : -
0.09.

e intra X: 0.65 for
sacrum; 0.47 for head;

Y : 0.52 for sacrum; 0.73
for head

einter: 0.0 for Xand Y to
the head and 0.05 for X
and Y to the sacrum

intra & interexaminer
agreement could not be
described beyond
chance agreement.

intra

(1):0.23;(2): 0.67;
(8) : from 0.33t0 0.52
according to modalities

Note: "N": number; "A": age; "DO": doctor of osteopathy; "PT": physical therapist; "RN": registered nurse; "CST": craniosacral therapy; "CRI": cranial
rhythmic impulse; "F": frequency; "CR": cranial rhythm; "R": rater; "PRM": primary respiratory mechanism; "ICC": intraclass correlation coefficient

doi:10.1371/journal.pone.0167823.t001

as selective reporting, misreporting, miscalculation etc. Moreover, the statistical methods used
to demonstrate reliability were inappropriate. For the study of Sommerfeld et al. [31], the main
problem was the absence of a Bland & Altman graph (or data allowing it to be built) whereas the
authors clearly stated in their methods of statistical analysis that this approach was used.
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Critical appraisal led us to conclude that we had a major doubt for the general risk of bias of
one study [32] and that all other reliability studies included in our review demonstrated a high

risk of bias, particularly due to a lack of blinding of the examiners (Figs 2 and 3).

Efficacy studies

Our standardized search procedure identified 556 articles, of which 12 met the inclusion crite-

ria (Fig 4). Our complementary search strategy found 14 more articles with 2 reaching our

inclusion criteria. Details of these fourteen studies are summarized in Table 2.

Inter-rater communication for the study

Inter-rater communication for the co-assesments

Upledger 1977
Wirth-Pattullo 1994
Norton 1996
Hanten 1998
Rogers 1998
Vivian 2000

Moran 2001
Sommerfeld 2003
Halma 2008

“ - | Raters' experience
% 69 & . o . o -v |Intra-rater blinding

Z
>

Z
>

Y Y -

~J

w - = - -w v Blinding of raters about additional clinical information

NA

NV
~ Q@

~J

Y Y
. A

Z
>

Z
>

~J

~J

.‘....‘.. Blinding of raters about additional subject (non-clinical) information

NA

;A 4 — 2 Generation of the order of examinations
s~ @@~ 200

“. . ..‘. . General assessment of bias

Fig 2. Assessment of methodological risk of bias for each of the included reliability studies. Green
indicates a low risk of bias, yellow an unclear risk of bias and red a high risk. Grey indicates non-applicable

items. For the overall assessment of bias, purple indicates major doubt as to the overall risk of bias.

doi:10.1371/journal.pone.0167823.9002
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Raters' experience [N
Intra-rater blinding [N
Inter-rater communication for the study
Inter-rater communication for the co-assesments [ INERNEGEG
Blinding of raters about additional clinical information
Blinding of raters about additional subject (non-clinical) information [IEINEGEGGN
Generation of the order of examinations [
General assessment of bias [ N-NEIIIEEEEEEEE Y

20.00% 60.00% 100.00%
0.00% 40.00% 80.00%

M Low risk of bias Unclear risk of bias ™ High risk of bias
M Major doubt of risk of bias * Non-adapted

Fig 3. Assessment of methodological risk of bias for the reliability studies taken together. Green
indicates a low risk of bias, yellow an unclear risk of bias and red a high risk. Grey indicates non-applicable
items. For the overall assessment of bias, purple indicates major doubt as to the overall risk of bias.

doi:10.1371/journal.pone.0167823.g003

Standardized procedure

- Cochrane (n=48)

- IJOM (n=38)

- JAOA (n=10)

- Medline (n=130)

- OSTMED (n=99)

- PEDro (n=21)

- Scholar (n=210)
Total (n=556) Articles excluded for failing
to meet inclusion criteria
after reading title (n=524;
with 71 duplicates)

Articles for review of
abstract (n=32) Articles excluded (n=17)

- non comparative study (n=10)
- healthy subjects (n=3)

- non-human subjects (n=2)

\ - techniques not relevant to the
Articles for review of full- cranial field (n=2)
text (n=15)
Articles excluded (n=3) .
- healthy subjects (n=2) Complementary strategy :
- techniques not relevant Total (n=14) ;

to the cranial field (n=1)

EArticles not selected (n=12)
- non comparative study (n=8)
- non randomized study (n=3)
- not accessible (n=1)

A4 v

Articles included for analysis after full-text reading (n=14 ; with 2 from complementary strategy)

Fig 4. Selection process for studies dealing with the clinical efficacy of techniques and therapeutic
strategies used in cranial osteopathy.

doi:10.1371/journal.pone.0167823.9004
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Among the included studies 2 were found to have a high risk of bias [35,46]; for 9 there was
major doubt regarding the risk of bias [33,34,36-41,43] and 3 were evaluated as having a low
risk of bias [42,44,45] (Figs 5 and 6). The principle sources of bias found in studies were the
absence of a principal evaluation criterion, lack of correction method for inflated alpha values,
no interpretation of the clinical relevance of the results, lack of comparability between pro-
posed treatments and subjective evaluation with an unclear or non-existent blinding method

Discussion

In this review we aimed to identify and critically evaluate the scientific literature dealing with
1) the reliability of the diagnostic process and 2) the clinical efficacy of techniques and thera-
peutic strategies used in cranial osteopathy.

Concerning the diagnostic processes, we found 9 studies that met our inclusion criteria
[24-32]. Eight of them demonstrated a high risk of bias and we had a major doubt regarding
the risk of bias for the other one [32]. Note, that this last study reported unreliable results in
terms of our criteria. Eight studies addressed the issue of inter-rater reliability [24-31] and 6
addressed the issue of intra-rater reliability [26-28,30-32]. Whether for inter- or intra-rater
reliability studies, results were either unusable or did not show reliability for any of the investi-
gated parameters.

Regarding the efficacy of techniques used in cranial osteopathy, our review shows that for
14 studies meeting our inclusion criteria, only three had a low risk of bias [42,44,45], for nine
there was major doubt regarding the risk of bias [33,34,36-41,43] and two were rated with
high risk of bias [35,46]. While this may be open to debate, we only considered as evidence
those studies with low risk of bias. The three studies fulfilling these criteria are discussed
below.

First, the study by Elden et al. [42] was a randomized multicenter single blind controlled
trial designed to investigate the efficacy of craniosacral therapy as a complement to standard
treatment, compared with standard treatment alone, for pelvic girdle pain during pregnancy.
The three main outcomes were clearly identified, precise and clinically relevant, although
pain was a subjective outcome as it is self-reported by the patient. However, many secondary
outcomes were assessed by the study but the statistical analysis did not propose any correction
method for inflated alpha values due to multiple analyses. Moreover, the results show a signifi-
cant statistical difference immediately after the intervention for only one of the three main out-
comes, which is pain in the morning, and three of the 17 secondary outcomes. However, we
have to mention that the modification of the pain in the morning, even if statistically significant,
is mainly due to increased pain in the control group than to a decrease in the intervention
group. Considering that Elden et al. proposed a sample size calculation before the study start, we
can reasonably consider the lack of statistical significance for other outcomes as not being due to
insufficient statistical power. Lastly, we note that there was almost no contact with the practi-
tioner in the standard treatment group of the study. This methodological point induces a confu-
sion between the specific effect of the techniques used and their non-specific effects, making the
results hard to interpret, In fact, the lack of contact with a practitioner in the standard group
(particularly when subjective outcomes such as VAS are used) leads to many contextual effects
including, but not limited to, the individual practitioner and patient’s belief [47], the doctor-
patient relationships [48,49] or the clinicians expectation [50]. Together with the other limita-
tions, this point led us to conclude that this study does not contribute to the body of evidence for
the specific efficacy of the techniques used, but could suggest contextual effects of the treatment.

The second study rated as having low risk of bias, by Haller et al. [44] aimed at investigating
craniosacral therapy (CST) compared to sham treatment in patients with chronic non-specific
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low risk of bias, yellow an unclear risk of bias and red a high risk. Grey indicates non-applicable items. For the

general assessment of bias, purple shading indicates a major doubt as to the overall risk of bias.
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Fig 6. Assessment of methodological risk of bias for the efficacy studies taken together. Green
shading indicates a low risk of bias, yellow an unclear risk of bias and red a high risk. Grey shading colour
indicates non-applicable items. For the general assessment of bias, purple shading indicates a major doubt as
to the overall risk of bias.

doi:10.1371/journal.pone.0167823.9006

neck pain. The primary outcome was pain intensity assessed with visual analog scale and 16
secondary outcomes were investigated. Data (between CST and sham groups) were compared
immediately and three months after the intervention. The results showed statistical and clini-
cally relevant differences in favor of CST for the primary outcome and seven of the secondary
outcomes immediately after treatment. At three months the results remained statistically and
clinically relevant for the primary outcome and statistical differences still existed for five of the
secondary outcomes. While this study is methodologically relatively strong, it nevertheless has
some limitations. As for the study by Elden et al. [42] the main outcome is patient self-reported
pain and no correction method for inflated alpha values is proposed despite the numerous
analyses reported. Moreover, we note that three practitioners intervened in the CST arm and
only one in the sham arm. Considering the importance of the individual practitioner in treat-
ment success [47] it cannot be ruled out that the results obtained in the study stemmed from a
non-specific effect of the experimental treatment.

Last, the study conducted by Castro-Sanchez et al. [45] was designed to compare the effects
of craniosacral therapy (CST) with massage on disability, pain intensity, quality of life, and
mobility in patients with low back pain. One primary outcome (score obtained in the Roland
Morris Disability Questionnaire) and 16 secondary outcomes were proposed. Statistical analy-
sis made immediately after the treatment failed to demonstrate a significant difference for the
primary outcome but six of the 16 secondary outcomes were found different in favor of the
CST. One month later, statistical analysis demonstrated that three of the secondary outcomes
were still significant in favor of CST. We should point out here that the authors tried to avoid
biases but, considering the absence of effect on the primary outcome and that method induced
inequity in terms of treatment duration (50 minutes for CST vs 30 minutes for massage) we
cannot consider that these results contribute to the body of evidence for the specific efficacy of
CST.

As awhole, our study reports that almost all studies dealing with reliability or efficacy of
cranial osteopathy were determined to have a high risk of bias. At the same time we note that
these biases (particularly lack of a control group, lack of blinding of the examiners and inap-
propriate statistical analysis) would lead to an artificial increase in reliability or treatment
effects. As a consequence, we have to interpret results in favor of cranial osteopathy with cau-
tion when lack of reliability or treatment effect is a strong argument to consider the technique
as scientifically unfounded.
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Within this context, we would like to provide guidance on generating high quality evidence
in the field of cranial osteopathy. First, we note that many items in studies included in our
review were rated as having an unclear risk of bias. This point could be solved if authors pay
close attention to giving a detailed description of the methods they used. However, we appreci-
ate that many scientific journals limit the length of the articles. Authors often choose to
shorten the methods section, reducing thus the opportunity the reader to identify potential
bias. We recommend publishing articles in journals with no restriction regarding the article
length.

For the studies of diagnosis reliability in cranial osteopathy, naturally we recommend that
future researchers to use the items proposed in our study and inspired from QAREL. We must
be particularly vigilant about the personal expertise of the examiners and avoid those whose
training is not fully completed. We should add that the tool we proposed was designed to spe-
cifically assess the risk of bias linked to the study methods but that reliability was not evaluated,
representing one of the limitations of our study. For inter-rater reliability studies, as much as
possible must be done to ensure that exchange of information between examiners is not possi-
ble during the tests. Thus, procedures extending over several days are not recommended. This
point leads us to consider strategies to avoid memorization of the results by the examiners.
First, the order of assessments (subjects and examiners) has to be randomized and no informa-
tion about subjects, outside of that necessary for the examination, should be communicated to
the examiners. In addition, blinding of subjects and examiners has to be as strict as possible.
On this last point, Halma et al. [32] proposed a quite outstanding plan to isolate the examiner
from tactile, visual, auditory and olfactory cues. Note also that for studies involving simulta-
neous evaluation of a subject by two separate examiners, the method sections detailed in stud-
ies by Rogers et al. [28], Moran & Gibson [30] and Sommerfeld et al. [31], should serve as
models for this methodological approach.

Not surprisingly, we advise future researchers to refer to the Cochrane risk of bias tool in
order to build the ideal efficacy study. However, we must mention that the reliability of this
tool was only evaluated as fair for most of its items constituting another limitation of our study
[51]. This tool or training in the use of this tool should be enhanced. Note that the 2010 CON-
SORT checKklist will help significantly to design a precise randomized controlled clinical trial
in the field of cranial osteopathy and we can also recommend the good methodological precau-
tion taken by Elden et al. [42] and Haller et al. [44]. However, those two studies suffer from the
confusion made between the specific and contextual effects. The main reason of this confusion
is that not only do the techniques used between groups differ but also many other parameters
(such as duration, practitioner etc.) differ. In order to avoid this bias, future researchers should
standardized as rigorously as possible the context of the treatments proposed to the different
groups in terms of number and duration of sessions, doctor-patient relationship, etc. Another
point to mention is that in most studies, no attempt has been made to evaluate the credibility
of the placebo used. This point should readily be included in future studies and could partially
compensate the lack of blinding procedure inherent to the field. Last, we should underline the
importance of clearly defining only one primary outcome and of avoiding multiple compari-
sons. If not possible, researchers should at least have planned an inflated alpha risk correction
and prefer objective outcomes.

Taken together, our critical appraisal of the studies included in our review lead us to con-
clude that there is no evidence at present for the specific efficacy of techniques or therapeutic
strategies used in cranial osteopathy. Our results are consistent with those of previous reviews
on the same topic [6,9-11] and underline the need to improve methodological standards of
research dealing with manual therapies in general, and osteopathy in particular.

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 18/21



@° PLOS | ONE

Osteopathy in the Cranial Field: A Systematic Review

Conclusion

We found no evidence to support the reliability of diagnoses made using cranial osteopathy.
Most existing and available studies were vulnerable to a high risk of bias and failed to demon-
strate any reliability for selected outcomes. Very few well conducted trials are available demon-
strating the clinical efficacy of techniques and therapeutic strategies used in cranial osteopathy.
Most are seriously flawed and only two had a low risk of bias and modest results that cannot
be ruled out as being due to non-specific effects of treatments. At present, there is insufficient
evidence to support cranial osteopathy as being relevant for the diagnosis or treatment of
patients.

Acknowledgments

We thank Dr. Alison Foote from the “Publication in English” service of Grenoble-Alpes Uni-
versity Hospital for critically editing the manuscript.

Author Contributions
Conceptualization: AG ND RM NP.
Formal analysis: AG ND RM NP.
Funding acquisition: RM NP.
Investigation: AG ND RM NP.
Methodology: AG ND RM NP.
Project administration: AG NP.
Resources: AG ND RM NP.
Supervision: NP.

Visualization: AG.

Writing - original draft: AG NP.

References

1. Still AT. Autobiography of Andrew T. Still, with a history of the discovery and development of the science
of osteopathy, together with an account of the founding of the American school of osteopathy. 1897.
Available: http://archive.org/details/autobiographyandQ0Ostiliala.

2.  WHO. Benchmarks for training in traditional / complementary and alternative medicine. World Health
Organization. 2010. Available: http://www.who.int/medicines/areas/traditional/
BenchmarksforTraininginOsteopathy.pdf.

3. Burke SR, Myers R, Zhang AL. A profile of osteopathic practice in Australia2010-2011: a cross sec-
tional survey. BMC Musculoskelet Disord. 2013; 14(1):227.

4. Wilkinson J, Thomas KJ, Freeman JV, McKenna B. Day-to-day practice of osteopaths using osteopathy
in the cranial field, who are affiliated with the Sutherland Cranial College of Osteopathy (SCCO): A
national survey by means of a standardised data collection tool. Int J Osteopath Med. 2015 Mar; 18
(1):13-21.

5. Decree of 25 March 2007 on the osteopathic training, the accreditation commission for training institu-

tions and derogations, 43 Article 3. Sect. 3, p. 5687.Available: https://www.legifrance.gouv.fr/
affichTexte.do?cidTexte=JORFTEXT000000273294

6. Green CJ. A systematic review and critical appraisal of the scientific evidence on craniosacral therapy.
Vancouver, BC: BC Office of Health Technology Assessment, Centre for Health Services and Policy
Research, University of British Columbia. 1999. Available: http://www.quackwatch.com/
01QuackeryRelatedTopics/cst.pdf.

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 19/21


http://archive.org/details/autobiographyand00stiliala
http://www.who.int/medicines/areas/traditional/BenchmarksforTraininginOsteopathy.pdf
http://www.who.int/medicines/areas/traditional/BenchmarksforTraininginOsteopathy.pdf
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000000273294
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000000273294
http://www.quackwatch.com/01QuackeryRelatedTopics/cst.pdf
http://www.quackwatch.com/01QuackeryRelatedTopics/cst.pdf

@° PLOS | ONE

Osteopathy in the Cranial Field: A Systematic Review

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Hartman SE, Norton JM. Interexaminer reliability and cranial osteopathy. Iner Reliab Cranial Osteopat
Sci Rev Altern Med. 2002; 6(1):23-4.

Fadipe GT, Vogel S. Reliability of Palpation of the Cranial Rhythmic Impulse: A Systematic Review. DO
Thesis, British School of Osteopathy. 2009. Available: http://bso-web.bso.ac.uk/BSO-All/Library-public/
IntranetTest/PROJECTS_2009_files/Projects/Fadipe%20Gwyneth.pdf

Jékel A, von Hauenschild P. Therapeutic effects of cranial osteopathic manipulative medicine: a sys-
tematic review. J Am Osteopath Assoc. 2011 Dec; 111(12):685-93. PMID: 22182954

Jékel A, von Hauenschild P. A systematic review to evaluate the clinical benefits of craniosacral ther-
apy. Complement Ther Med. 2012 Dec; 20(6):456—65. doi: 10.1016/j.ctim.2012.07.009 PMID:
23131379

Ernst E. Craniosacral therapy: a systematic review of the clinical evidence. Focus Altern Complement
Ther. 2012 Dec 1; 17(4):197-201.

http://www.prisma-statement.org

Lucas NP, Macaskill P, Irwig L, Bogduk N. The development of a quality appraisal tool for studies of
diagnostic reliability (QAREL). J Clin Epidemiol. 2010 Aug; 63(8):854—61. doi: 10.1016/j.jclinepi.2009.
10.002 PMID: 20056381

Atkins D, Chang S, Gartlehner G, Buckley DI, Whitlock EP, Berliner E et al. Assessing applicability
when comparing medical interventions: AHRQ and the Effective Health Care Program. J Clin Epidemiol.
2011; 64(11):1198-207. doi: 10.1016/j.jclinepi.2010.11.021 PMID: 21463926

Cuthbert SC, Goodheart GJ. On the reliability and validity of manual muscle testing: a literature review.
Chiropr Osteopat. 2007; 15: 4. doi: 10.1186/1746-1340-15-4 PMID: 17341308

Haneline MT, Young M. A Review of Intraexaminer and Interexaminer Reliability of Static Spinal Palpa-
tion: A Literature Synthesis. J Manipul Physiol Ther. 2009; 32(5):379-386.

Laslett M. Evidence-Based Diagnosis and Treatment of the Painful Sacroiliac Joint. J Man Manip Ther.
2008; 16(3): 142—152. doi: 10.1179/jmt.2008.16.3.142 PMID: 19119403

Fleiss JL. The Design and Analysis of Clinical Experiments: Fleiss -The Design. Hoboken, NJ, USA:
John Wiley & Sons, Inc.; 1999.

Landis JR, Koch GG. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977;
33:159. PMID: 843571

Kottner J, Audigé L, Brorson S, Donner A, Gajewski BJ, Hrébjartsson A et al. Guidelines for Reporting
Reliability and Agreement Studies (GRRAS) were proposed J Clin Epidemiol. 2011; 64(1):96—-106. doi:
10.1016/j.jclinepi.2010.03.002 PMID: 21130355

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0
[updated March 2011]. The Cochrane Collaboration, 2011. Available: http://www.cochrane-handbook.
org.

Schulz KF, Altman DG, Moher D, for the CONSORT Group. CONSORT 2010 Statement: updated
guidelines for reporting parallel group randomised trials. Ann Int Med 2010; 152.

Delgado-Rodriguez M, Llorca J. Bias. J Epidemiol Community Health. 2004; 58(8):635—41. doi: 10.
1136/jech.2003.008466 PMID: 15252064

Upledger JE. The reproducibility of craniosacral examination findings: a statistical analysis. J Am Osteo-
path Assoc 1977; 76:890-890. PMID: 578143

Wirth-Pattullo V, Hayes KW. Interrater reliability of craniosacral rate measurements and their relation-
ship with subjects’ and examiners’” heart and respiratory rate measurements. Phys Ther 1994; 74:908—
917. PMID: 8090842

Norton JM. A Challenge to the Concept of Craniosacral Interaction. 1996. Available: http://faculty.une.
edu/com/jnorton/challenge.htm.

Hanten WP, Olson SL, Hodson JL, Imler VL, Knab VM, Magee JL. The Effectiveness of CV-4 and Rest-
ing Position Techniques on Subjects with Tension-Type Headaches. J Man Manip Ther 1999; 7:64-70.

Rogers JS, Witt PL, Gross MT, Hacke JD, Genova PA. Simultaneous palpation of the craniosacral rate
at the head and feet: intrarater and interrater reliability and rate comparisons. Phys Ther 1998;
78:1175-85. PMID: 9806622

Vivian D, Wilk V. The inter-observer reliability and validity of craniosacral palpation. Australas Musculos-
kelet Med 2000; 5:6.

Moran RW, Gibbons P. Intraexaminer and interexaminer reliability for palpation of the cranial rhythmic
impulse at the head and sacrum. J Manipulative Physiol Ther 2001; 24:183-90. PMID: 11313614

Sommerfeld P, Kaider A, Klein P. Inter- and intraexaminer reliability in palpation of the “primary respira-
tory mechanism” within the “cranial concept.” Man Ther 2004; 9:22—-9. PMID: 14723858

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 20/21


http://bso-web.bso.ac.uk/BSO-All/Library-public/IntranetTest/PROJECTS_2009_files/Projects/Fadipe%20Gwyneth.pdf
http://bso-web.bso.ac.uk/BSO-All/Library-public/IntranetTest/PROJECTS_2009_files/Projects/Fadipe%20Gwyneth.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22182954
http://dx.doi.org/10.1016/j.ctim.2012.07.009
http://www.ncbi.nlm.nih.gov/pubmed/23131379
http://www.prisma-statement.org
http://dx.doi.org/10.1016/j.jclinepi.2009.10.002
http://dx.doi.org/10.1016/j.jclinepi.2009.10.002
http://www.ncbi.nlm.nih.gov/pubmed/20056381
http://dx.doi.org/10.1016/j.jclinepi.2010.11.021
http://www.ncbi.nlm.nih.gov/pubmed/21463926
http://dx.doi.org/10.1186/1746-1340-15-4
http://www.ncbi.nlm.nih.gov/pubmed/17341308
http://dx.doi.org/10.1179/jmt.2008.16.3.142
http://www.ncbi.nlm.nih.gov/pubmed/19119403
http://www.ncbi.nlm.nih.gov/pubmed/843571
http://dx.doi.org/10.1016/j.jclinepi.2010.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21130355
http://www.cochrane-handbook.org
http://www.cochrane-handbook.org
http://dx.doi.org/10.1136/jech.2003.008466
http://dx.doi.org/10.1136/jech.2003.008466
http://www.ncbi.nlm.nih.gov/pubmed/15252064
http://www.ncbi.nlm.nih.gov/pubmed/578143
http://www.ncbi.nlm.nih.gov/pubmed/8090842
http://faculty.une.edu/com/jnorton/challenge.htm
http://faculty.une.edu/com/jnorton/challenge.htm
http://www.ncbi.nlm.nih.gov/pubmed/9806622
http://www.ncbi.nlm.nih.gov/pubmed/11313614
http://www.ncbi.nlm.nih.gov/pubmed/14723858

@° PLOS | ONE

Osteopathy in the Cranial Field: A Systematic Review

32.

33.

34.

35.

36.

37.

38.

39.

40.

4,

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

Halma KD, Degenhardt BF, Snider KT, Johnson JC, Flaim MS, Bradshaw D. Intraobserver Reliability of
Cranial Strain Patterns as Evaluated by Osteopathic Physicians: A Pilot Study. J Am Osteopath Assoc
2008; 108:493-502. PMID: 18806078

Hanten WP, Dawson DD, Iwata M, Seiden M, Whitten FG, Zink T. Craniosacral rhythm: reliability and
relationships with cardiac and respiratory rates. J Orthop Sports Phys Ther 1998; 27:213-8. doi: 10.
2519/jospt.1998.27.3.213 PMID: 9513867

Hayden C, Mullinger B. A preliminary assessment of the impact of cranial osteopathy for the relief of
infantile colic. Complement Ther Clin Pract 2006; 12:83-90. doi: 10.1016/j.ctcp.2005.12.005 PMID:
16648084

Mehl-Madrona L, Kligler B, Silverman S, Lynton H, Merrell W. The impact of acupuncture and craniosa-
cral therapy interventions on clinical outcomes in adults with asthma. Explore N'Y N 2007; 3:28-36.

Nourbakhsh MR, Fearon FJ. The Effect of Oscillating-energy Manual Therapy on Lateral Epicondylitis:
A Randomized, Placebo-control, Double-blinded Study. J Hand Ther 2008; 21:4—14. doi: 10.1197/}.jht.
2007.09.005 PMID: 18215746

Sandhouse ME, Shechtman D, Sorkin R, Drowos JL, Caban-Martinez AJ, Patterson MM, et al. Effect of
Osteopathy in the Cranial Field on Visual Function—A Pilot Study. J Am Osteopath Assoc 2010;
110:239-43. PMID: 20430912

Castro-Sanchez AM, Mataran-Pefiarrocha GA, Sanchez-Labraca N, Quesada-Rubio JM, Granero-
Molina J, Moreno-Lorenzo C. A randomized controlled trial investigating the effects of craniosacral ther-
apy on pain and heart rate variability in fiboromyalgia patients. Clin Rehabil. 2011; 25:25-35. doi: 10.
1177/0269215510375909 PMID: 20702514

Mataran-Pefarrocha GA, Castro-Sanchez AM, Garcia GC, Moreno-Lorenzo C, Carrefio TP, Zafra MD.
Influence of Craniosacral Therapy on Anxiety, Depression and Quality of Life in Patients with Fibromyal-
gia. Evid-Based Complement Altern Med ECAM 2011; 2011:178769.

Amrovabady Z, Pishyareh E, Esteki M, Haghgoo HA. Effect of Craniosacral Therapy on students’ symp-
toms of attention deficit hyperactivity disorder. Iran Rehabil J 2013; 11:41-50.

Arnadottir TS, Sigurdardottir AK. Is craniosacral therapy effective for migraine? Tested with HIT-6
Questionnaire. Complement Ther Clin Pract 2013; 19:11—4. doi: 10.1016/j.ctcp.2012.09.003 PMID:
23337558

Elden H, Ostgaard H-C, Glantz A, Marciniak P, Linnér A-C, Olsén MF. Effects of craniosacral therapy
as adjunct to standard treatment for pelvic girdle pain in pregnant women: a multicenter, single blind,
randomized controlled trial. Acta Obstet Gynecol Scand 2013; 92:775-82. doi: 10.1111/a0gs.12096
PMID: 23369067

Biatoszewski D, Bebelski M, Lewandowska M, Stupik A. Utility of Craniosacral Therapy in Treatment of
Patients with Non-specific Low Back Pain. Preliminary Report. Ortop Traumatol Rehabil 2014; 16:605—
15. doi: 10.5604/15093492.1135120 PMID: 25694375

Haller H, Lauche R, Cramer H, Rampp T, Saha FJ, Ostermann T, et al. Craniosacral Therapy for the
Treatment of Chronic Neck Pain: A Randomized Sham-controlled Trial. Clin J Pain 2015:1.

Castro-Sanchez AM, Lara-Palomo IC, Mataran-Pefarrocha GA, Saavedra-Hernandez M, Pérez-Mar-
mol JM, Aguilar-Ferrandiz ME. Benefits of Craniosacral Therapy in Patients with Chronic Low Back
Pain: A Randomized Controlled Trial. J Altern Complement Med. 2016.

Raith W, Marschik PB, Sommer C, Maurer-Fellbaum U, Amhofer C, Avian A et al. General Movements
in preterm infants undergoing craniosacral therapy: a randomised controlled pilot-trial. BMC Comple-
ment Altern Med. 2016; 16(12).

White P, Bishop FL, Prescott P, Scott C, Little P, Lewith G. Practice, practitioner, or placebo? A multifac-
torial, mixed-methods randomized controlled trial of acupuncture. Pain 2012; 153:455-62. doi: 10.1016/
j.pain.2011.11.007 PMID: 22169359

Morton G, Kiyohara O, Pfannensteil D. Interpersonal Touch, Social Labeling, and the Foot-in-the-Door
Effect. J Soc Psychol. 1983; 125:143—147.

Di Blasi Z, Harkness E, Ernst E, Georgiou A, Kleijnen J. Influence of context effects on health outcomes:
a systematic review. Lancet. 2001; 357:757-62. PMID: 11253970

Gracely RH, Dubner R, Deeter WR, Wolskee PJ. Clinicians’ expectations influence placebo analgesia.
Lancet. 1985; 1:43.

Hartling L1, Hamm MP, Milne A, Vandermeer B, Santaguida PL, Ansari M et al. Dryden DM. Testing the
risk of bias tool showed low reliability between individual reviewers and across consensus assessments
of reviewer pairs. J Clin Epidemiol. 2013 Sep; 66(9):973-81. doi: 10.1016/j.jclinepi.2012.07.005 PMID:
22981249

PLOS ONE | DOI:10.1371/journal.pone.0167823 December 9, 2016 21/21


http://www.ncbi.nlm.nih.gov/pubmed/18806078
http://dx.doi.org/10.2519/jospt.1998.27.3.213
http://dx.doi.org/10.2519/jospt.1998.27.3.213
http://www.ncbi.nlm.nih.gov/pubmed/9513867
http://dx.doi.org/10.1016/j.ctcp.2005.12.005
http://www.ncbi.nlm.nih.gov/pubmed/16648084
http://dx.doi.org/10.1197/j.jht.2007.09.005
http://dx.doi.org/10.1197/j.jht.2007.09.005
http://www.ncbi.nlm.nih.gov/pubmed/18215746
http://www.ncbi.nlm.nih.gov/pubmed/20430912
http://dx.doi.org/10.1177/0269215510375909
http://dx.doi.org/10.1177/0269215510375909
http://www.ncbi.nlm.nih.gov/pubmed/20702514
http://dx.doi.org/10.1016/j.ctcp.2012.09.003
http://www.ncbi.nlm.nih.gov/pubmed/23337558
http://dx.doi.org/10.1111/aogs.12096
http://www.ncbi.nlm.nih.gov/pubmed/23369067
http://dx.doi.org/10.5604/15093492.1135120
http://www.ncbi.nlm.nih.gov/pubmed/25694375
http://dx.doi.org/10.1016/j.pain.2011.11.007
http://dx.doi.org/10.1016/j.pain.2011.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22169359
http://www.ncbi.nlm.nih.gov/pubmed/11253970
http://dx.doi.org/10.1016/j.jclinepi.2012.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22981249

