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Context: Few studies of inter- or intraobserver reliability have
focused on evaluations of cranial strain patterns.

Objective: To determine whether substantial intraobserver reli-
ability can be achieved by osteopathic physicians (DOs) using
common palpatory tests to diagnose cranial dysfunction.

Methods: Forty-eight subjects were divided into three diag-
nostic groups, categorized as those with asthma, headaches,
or neither asthma nor headaches (ie, healthy control group).
Two blinded DO examiners separately evaluated approxi-
mately 8 subjects from each group (4 subjects per session), con-
ducting diagnostic tests for cranial rhythmic impulse (CRI) rate,
cranial strain patterns, and quadrants of restriction.  

Results: Overall, among the three diagnostic procedures,  cra-
nial strain patterns showed the highest intraobserver relia-
bility (�=0.67). The highest intraobserver reliability was
achieved in cranial strain patterns for the control group
(�=0.82), followed by the headache (�=0.67) and asthma
(�=0.52) groups. Diagnoses of the left anterior quadrant of
restriction also showed substantial intraobserver reliability
for the headache and control groups (�=0.60 and 0.61, respec-
tively). Diagnoses of three quadrants of restriction showed
moderate overall intraobserver reliability (�=0.44-0.52), while
the left posterior quadrant had only fair overall intraobserver
reliability (�=0.33). 

Conclusion: Osteopathic physicians can obtain substantial
intraobserver reliability when diagnosing cranial strain pat-
terns in healthy subjects as well as those with asthma or
headache. However, results are less promising for diagnoses
of CRI and quadrants of restriction.
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Reliability is defined as the reproducibility of findings
when a test is repeated to evaluate an unchanged

attribute. When investigating the reliability of physical exam-
ination findings, two forms of reliability are commonly
assessed—inter- and intraobserver reliability. Interobserver
reliability is the degree to which multiple independent exam-
iners reach the same conclusion, while intraobserver reliability
describes the consistency in results when the same exam-
iner performs the same test on two or more occasions.1
Although interobserver reliability is more clinically significant
than intraobserver reliability,1 a well-performed assessment
of intraobserver reliability can be an important step when
evaluating subtle palpatory skills before testing for interob-
server reliability.

In 2002, Hartman and Norton2 reviewed six published
studies of interobserver reliability in osteopathic technique
within the cranial field. In these studies, the number of exam-
iners ranged from two to ten, and the number of subjects
from 9 to 40. Three of the studies they evaluated examined the
interobserver reliability of osteopathic physicians (DOs) pal-
pating the cranial rhythmic impulse (CRI) rate, using intraclass
correlation coefficients (ICCs) to measure the interobserver
reliability. The CRI, first proposed by John M. Woods, DO, and
Rachel H. Woods, DO, in 1961,3 describes a physical mani-
festation that is routinely used to assess the primary respira-
tory mechanism, a concept articulated by William G. Suther-
land, DO, decades earlier. The ICC values in these three studies2

ranged from -0.009 to 0.59. Low ICC values indicate minimal
reliability, whereas high ICC values show greater reliability.
Thus, the negative ICC values in these studies are an indica-
tion of poor reliability. Only one of the studies4 had ICC values
that were statistically significant (P<.001). However, inconsis-
tent methods in that investigation call into question the validity
of the report’s statistical significance.2

The remaining studies reviewed by Hartman and Norton2

evaluated the interobserver reliability of palpation of the cran-
iosacral rhythm determined by craniosacral therapists, pri-
marily physical therapists and nurses. The ICC values in these
three studies were also low, ranging from -0.005 to 0.22.

None of the six studies2 specifically examined intraob-
server reliability. In an attempt to deduce intraobserver relia-
bility, Hartman and Norton analyzed the raw data from the
three osteopathic medical studies, noting differences in the
variability within and between examiners. However, because
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the study designs did not include repeated measures on 
the same subject by the same examiner, intraobserver 
reliability cannot be established.

Two previously published studies assessed intraobserver
reliability for palpation of the CRI by DOs.5,6 In 2001, Moran
and Gibbons5 analyzed intraobserver reliability in a study
involving two DO examiners, with 4.5 and 6.5 years of expe-
rience, respectively, in osteopathy in the cranial field. In that
study,5 examiners used momentary-action foot switches to
record palpated CRI phases at either the head or the sacrum
of 11 subjects. They found that the intraobserver reliability
was fair to good with ICCs ranging from 0.52 to 0.72. To pro-
vide blinding against the possibility of auditory reference cues
being exchanged between examiners, the foot switches were
housed inside soundproof casings. In addition, a computer
fan was used to produce white noise. In 1996, Norton6 found
a significant correlation between CRI cycle lengths measured
in 9 subjects by the same examiner at the sacrum and then at
the cranium. The six DO examiners involved in the 1996 study
were described as “experienced” in osteopathy in the cranial
field. Limitations of this study were that ICCs were not used,
nor were blinding protocols.

Two studies have been performed in the field of physical
therapy regarding the intraobserver reliability of craniosacral
palpation. In 1998, Rogers et al7 found intraobserver ICCs
ranging from 0.18 to 0.30 for two physical therapist examiners
who measured the craniosacral rate at the head or feet of
28 subjects. Those two examiners had 17 and 5 years’ experi-
ence, respectively, palpating the craniosacral rhythm. To pre-
vent auditory cues from being exchanged between examiners,
silent operation foot switches were used for blinding pur-
poses during data collection. In another 1998 study of intraob-
server reliability by Hanten et al,8 two physical therapist exam-
iners, each with less than 1 year of experience palpating the
craniosacral rhythm, examined 40 subjects. High ICC values,
between 0.78 and 0.83, were reported. Although the exam-
iners had no knowledge of the recorded data, no specific
blinding procedure was used.

Few published studies have assessed the interobserver
reliability of diagnoses of cranial strain patterns, and no pub-
lished studies have assessed the intraobserver reliability 
of diagnoses of cranial strain patterns. In 1977, Upledger4 pub-
lished data on interobserver reliability for assessment of cra-
nial strain patterns, as well as for CRI rate, in a study in which
three DOs and one osteopathic medical student evaluated
25 children for 19 different cranial strain parameters. He found
the interobserver agreement for these parameters to range
from 17% to 100% agreement with an aggregate of 71% agree-
ment for all parameters for all DOs. However, inconsisten-
cies in the study methods used limit the application of these
findings.

In 1996, Fraval9 assessed the interobserver reliability of
examinations by two DOs of cranial strain patterns in infants
younger than 6 months. He reported 95.7% agreement on the

presence of dysfunction in a specific cranial bone and 90%
agreement on the severity of the dysfunction with an overall
Pearson correlation coefficient of 0.65 described as indicating
good interobserver reliability.

A limitation of the Upledger4 and Fraval9 studies is that
neither percent agreement nor Pearson correlation coefficients
are rigorous statistical methods for measuring reliability. Either
Cohen’s kappa (�) coefficient or intraclass correlation coeffi-
cients should have been used in these analyses, depending
on the measurement scale of the test findings. Cohen’s � coef-
ficient and related techniques have been identified as the
optimal statistical method for quantifying intra- and interob-
server reliability in most cases of palpatory examinations.10,11

Previous manual medicine palpation studies have shown
higher rates of intraobserver reliability than interobserver reli-
ability.12 However, the validity of analyses of intraobserver
reliability has been questioned due to the difficulty of blinding
examiners to their previous findings.1 Furthermore, results of
previous studies can be questioned for many other reasons,
including examiners’ inexperience and small sample sizes.

The present study improves on previous research in sev-
eral ways. Detailed blinding protocols were used for DO exam-
iners. Both examiners are board-certified by the American
Osteopathic Board of Neuromusculoskeletal Medicine in neu-
romusculoskeletal and osteopathic manipulative medicine.
Both examiners likewise have completed at least seven accred-
ited 40-hour courses in osteopathy in the cranial field. Each sub-
ject was evaluated three times by these examiners to reduce
diagnostic results that would arise by chance alone. Subjects
were selected for inclusion in an asthma or headache diag-
nostic group based on their potential to produce persistent
cranial strain patterns, while healthy subjects in a control
group were used to diversify the data collected. An improved
statistical analysis, using Cohen’s � coefficient, was used to
assess agreement.

The objective of the present pilot study was to determine
whether substantial intraobserver reliability (�>0.60) could be
achieved by DOs using common palpatory tests to diagnose
the cranial mechanisms in healthy subjects and those with
one of two specified medical conditions. The palpatory tests
that were assessed for intraobserver reliability included diag-
noses of CRI rate, cranial strain patterns, and quadrants of
restriction. We hypothesized that well-blinded, board-certi-
fied DOs specializing in neuromusculoskeletal medicine could
establish substantial intraobserver reliability for these three
diagnostic procedures.

Methods
The traditional teachings of osteopathy in the cranial field
hypothesize that individuals with asthma as well as those
with recurrent headaches have distinct cranial strain pat-
terns.13 Therefore, 48 subjects were included in this study
and were allocated to one of the three diagnostic study
groups: asthma, headache, or healthy control.
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1. The individual serving as the data recorder started a 60-
second timer and stated, “Start.”

2. After 60 seconds, the data recorder stated, “Stop.”
3. The examiner verbally indicated the CRI rate.
4. The data recorder categorized the value into the currently

accepted norms of low rate (0-7 cpm), normal rate (8-14 cpm),
or high rate (>15 cpm).13-15

Diagnoses of cranial strain patterns consisted of palpatory
tests for the following patterns:

▫ flexion
▫ extension
▫ torsion (left or right)
▫ sidebending rotation (left or right)
▫ lateral strain (left or right)
▫ vertical strain (superior or inferior)
▫ compression
▫ no strain13,14,16,17

These palpatory patterns are commonly found in cranial osteo-
pathic examinations. Examiners were instructed to identify
the single most significant strain pattern found in each exam-
ination.

Quadrants of restriction are defined by the intersection of
the cranium’s sagittal and coronal planes. Transected by these
planes, the cranium can be viewed as consisting of left and right
anterior and posterior quadrants.13 Examiners were instructed
to identify the quadrant(s) associated with any observed
restricted motion.

Because the examiners each had their own preferred
method of palpation, they were allowed discretion as to
whether they kept their eyes open or closed during subject
evaluations. The integrity of examiner blinding was not affected
by this variable because a physical barrier (opaque sheets
hung from the ceiling) obstructed both examiners’ view of
the subjects.

Procedure
Of the 48 subjects enrolled, each examiner evaluated 24 sub-
jects, approximately 8 subjects per diagnostic group, with
each subject evaluated three times. Because examiner blinding
was an essential requirement of the present study, the 24 sub-
jects for each examiner were subdivided into groups based
on hair length and hairstyle. Hair length was one of the few
features that blinded examiners could easily identify with
their hands. Thus, subjects with long hair were examined
separately as a group—as were subjects with moderate and
short hair lengths. This division of subjects limited each
examiner’s ability to recall previous findings of a subject
based on this physical (or palpatory) cue. Eliminating other
identifiers, such as perfumes, hair styling products, and jew-
elry improved examiner blinding by removing other potentially
identifying characteristics.

Subjects were recruited from the local (Kirksville, Mo)
community via solicitation by electronic mail and word of
mouth. To participate in the study, subjects had to be between
the ages of 18 and 75 years. In addition, subjects must have
been diagnosed with asthma or had recurrent headaches at
least twice per month for more than 3 months or had no
symptoms or diseases. Potential participants were excluded
from the study if they had asthma and recurrent headaches.

Subjects were required to undergo three head/cranial
examinations and remain in a supine position for 45 to
60 minutes. Subjects were excluded from study participa-
tion if examination protocols would have caused major dis-
comfort or exacerbation of symptoms from preexisting con-
ditions.

Individuals interested in study participation responded
by telephone, at which time they were screened using a series
of questions used to determine subject eligibility for inclusion
in one of the three cohorts, their hair length and hairstyle, and
their availability on the designated testing dates. Screening
information was recorded on forms for subjects meeting the
inclusion criteria. Forms were later sorted based on subject
availability, hair length, and diagnostic group.

Subjects selected for study participation were asked not
to use cologne, perfume, or hair styling products (eg, gel,
spray, mousse) on their designated testing day.

All subjects signed informed consent forms approved by
the Institutional Review Board of Kirksville (Mo) College of
Osteopathic Medicine-A.T. Still University (KCOM-ATSU)
and completed medical history questionnaires before the 
physical examination process.

Examiners
Two DO examiners, each certified by the American Osteo-
pathic Board of Neuromusculoskeletal Medicine in neuro-
musculoskeletal and osteopathic manipulative medicine,
were recruited from the KCOM-ATSU Department of Osteo-
pathic Manipulative Medicine. The first examiner (B.F.D.)
had more than 14 years of clinical experience in osteopathic
manipulative treatment (OMT) and had completed eight
accredited 40-hour courses in osteopathy in the cranial field.
The second examiner (K.T.S.) had more than 6 years of clin-
ical experience in OMT and had completed seven accred-
ited 40-hour courses in osteopathy in the cranial field.

Variables
As previously indicated, cranial examinations for each sub-
ject consisted of evaluating CRI rate, cranial strain pattern, and
quadrants of restriction.

The CRI rate was measured in cycles per minute (cpm).
One CRI cycle was defined as starting just as the flexion
phase began (ie, after the completion of the extension phase)
and ending with the completion of the extension phase.6 The
CRI rate was measured using the following procedure:
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In the examination room, four identical treatment tables
were arranged in a square so that the heads of the tables
faced toward each other. This arrangement allowed for extra
space for the examiner and a data recorder to move easily
from one table to the next. A booth-like enclosure around the
examination area was made of opaque sheets hung from the
ceiling. Slits were cut horizontally in the sheets at the level of
the treatment tables to allow examiners to reach subjects. A
strip of tape was placed on each table to mark the spot where
the subject’s head was to be positioned.

A standard rolling office chair with an adjustable height
setting was used to roll the examiner from one table to the
next in the examination room. Between examinations, the
examiner (while keeping his or her eyes closed) was rolled to
the center of the booth by the data recorder before being
moved to a different subject. This procedure was used to
blind the examiners to their physical environment and to
decrease the possibility of examiners inadvertently unblinding
themselves. Examiner blinding was further enhanced by
using overhead music and balanced room lighting to elimi-
nate other potential environmental reference cues.

Before each testing session, subjects were gathered out-
side the examination area. Consent forms were signed, and
medical history questionnaires were completed. All subjects
were instructed to remove any glasses, earrings, and necklaces
they were wearing before entering the examination room.
Each subject’s hairstyle was inspected to ensure that it was
uniform so no physical clues were provided to the exam-
iner. Subjects were instructed to enter the examination room
quietly and to remain as still as possible throughout the
testing session. Subjects were given a 5-minute rest period in
the supine position before testing began to allow their bodies
to reach a state of equilibrium.

The sequence of the testing procedure was as follows.
The data recorder accompanied the examiner into the booth
and sealed the entrance. The examiner was seated in a rolling
office chair and placed in the center of the booth. The subjects
then entered the room and were asked to lie in the supine
position on a treatment table. Each subject’s position was
checked to ensure that his or her head was at the standard dis-
tance from the end of the table. Next, the data recorder
selected a subject and rolled the examiner to that subject’s
treatment table. The examiner then placed his or her hands
through the slit in the sheet to make contact with the subject’s
head. The examiner conducted the evaluation and reported
the results to the data recorder, who then rolled the examiner
to a different treatment table. This process was repeated until
each subject was evaluated three times, so that the diagnostic
procedures for CRI rate, cranial strain pattern, and quad-
rants of restriction were conducted during a period of 45 to
60 minutes. The examiners had no access to the subjects’
result forms at any time.

Statistical Analysis
Generalized � coefficients were used to quantify the intraob-
server reliability obtained for CRI rate, cranial strain patterns,
and quadrants of restriction over and above chance agree-
ment. The nomenclature for describing the level of reliability
associated with a specific value of �, as presented by Landis and
Koch,18 is as follows:

▫ less than 0.00, poor
▫ 0.00 to 0.20, slight
▫ 0.21 to 0.40, fair
▫ 0.41 to 0.60, moderate
▫ 0.61 to 0.80, substantial
▫ 0.81 to 1.00, almost perfect

A � coefficient greater than 0.60 (ie, at least in the “sub-
stantial” category) was the desired outcome to establish accept-
able reliability. Logistic regression models were fit to test for
differences between diagnostic groups in the probability of
agreement between the findings for two evaluations. Statistical
significance was defined as P<.05.

Results
Of the 48 subjects recruited to participate in the present study,
37 (77%) were women with a mean (SD) age of 37 (12) years.
The majority of subjects (44 [92%]) were Caucasian with the
remaining 4 subjects (8%) being Asian. By design, subjects
were almost evenly distributed between the three diagnostic
groups: asthma (16 [33%]), headache (17 [35%]), and healthy
control (15 [31%]). Regarding hair length, there were 19 sub-
jects (40%) with long hair, 14 subjects (29%) with medium-
length hair, and 15 subjects (31%) with short hair. Most subjects
(41 [85%]) had straight hair, while the remaining 7 subjects
(15%) had wavy hair.

Table 1 provides a summary of the prevalence of the
overall findings for CRI, cranial strain patterns, and quad-
rants of restriction as well as the overall � values for intraob-
server reliability and associated percent agreements.

A majority of subjects (31.3 [65%]) had CRI rates within the
normal range (8-14 cpm). The overall � coefficient for evalua-
tions of subjects’ CRI was 0.23, indicating fair intraobserver reli-
ability.

For cranial strain patterns, 14.7 (31%) of subjects had no
observed cranial strain pattern. The most commonly observed
cranial strain patterns in subjects were sidebending rota-
tion–right (13.3 [28%]), torsion–right (8 [17%]), and torsion–left
(5 [10%]). The overall � coefficient for measurements of cranial
strain patterns was 0.67, indicating substantial intraobserver
reliability in identifying cranial strain patterns.

Restriction was most prevalent in the right anterior quad-
rant (25.7 [54%]), followed by the right posterior quadrant
(21.7 [45%]), the left posterior quadrant (16.7 [35%]), and the left
anterior quadrant (10.7 [27%]). The overall � coefficient was 0.52
for measurements of the left anterior quadrant of restriction,
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For diagnoses of cranial strain patterns, the � coefficients
ranged from 0.52 (asthma group) to 0.82 (control group), indi-
cating moderate to almost perfect intraobserver reliability
(Table 3). A significant difference (P=.04) was found for intraob-
server reliability between the individual diagnostic groups,
with diagnoses of cranial strain patterns for the control group
having greater reliability than those for the asthma group.

For assessment of the left anterior quadrant of restriction,
the � coefficients ranged from 0.37 (asthma group) to 0.61
(control group), indicating fair to substantial intraobserver
reliability (Table 4). For assessment of the right anterior quad-
rant of restriction, the � coefficients ranged from 0.33 (asthma
group) to 0.52 (headache group), indicating fair to moderate
intraobserver reliability. For assessment of the left posterior
quadrant of restriction, the � coefficients ranged from 0.29
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Table 1
Cranial Strain Patterns: Overall Intraobserver Reliability of Palpatory Diagnosis (N=48)*

Diagnosis Prevalence, No. (%) � Statistic (95% CI) Reliability Level Percent Agreement

� Cranial rhythmic impulse 0.23 (0.04-0.43) Fair 64
▫ Low (0-7 cpm) 15.3 (32)
▫ Normal (8-14 cpm) 31.3 (65)
▫ High (�15 cpm) 1.3 (3)

� Cranial strain patterns 0.67 (0.58-0.76) Substantial 74
▫ No strain pattern 14.7 (31)
▫ Flexion 0 (0)
▫ Extension 0 (0)
▫ Torsion
– Left 5 (10)
– Right 8 (17)
▫ Sidebending rotation
– Left 2.7 (5)
– Right 13.3 (28)
▫ Lateral strain
– Left 1 (2)
– Right 1.3 (3)
▫ Vertical strain
– Superior 0 (0)
– Inferior 0 (0)
▫ Compression 2 (4)

� Quadrants of restriction
▫ Anterior, restricted
– Left 10.7 (22) 0.52 (0.25-0.79) Moderate 83
– Right 25.7 (54) 0.44 (0.28-0.61) Moderate 72
▫ Posterior, restricted
– Left 16.7 (35) 0.33 (0.13-0.52) Fair 69
– Right 21.7 (45) 0.50 (0.33-0.66) Moderate 75

* Prevalence estimates are calculated as the number of evaluations with a specific palpatory diagnosis divided by 3 (ie, the number of evaluations per subject) 
and are reported to one decimal place. In addition, the nomenclature for describing the level of reliability associated with a specific value of the kappa (�)
statistic, as presented by Landis and Koch,18 is as follows: <0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00, 
almost perfect.

Abbreviation: CI, confidence interval; cpm, cycles per minute.

0.44 for the right anterior quadrant of restriction, and 0.50 for
the right posterior quadrant of restriction—all indicating mod-
erate intraobserver reliability. For the left posterior quadrant
of restriction, the overall � coefficient was 0.33, indicating fair
intraobserver reliability.

The remaining tables provide summaries of the prevalence
of the findings in individual diagnostic groups for CRI (Table 2),
cranial strain patterns (Table 3), and quadrants of restriction
(Table 4) along with � coefficients in each diagnostic group
for intraobserver reliability and associated percent agreements.

For measurements of CRI rate, the � coefficients ranged
from 0.10 (asthma group) to 0.29 (control group), indicating
slight to fair intraobserver reliability (Table 2). No statistically
significant difference was found in intraobserver reliability
between individual diagnostic groups.
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group of participants who had mild, exercise-induced cases
of asthma—inclusions that may have limited the diversity of
somatic dysfunction within that cohort. We selected asthma
for one of our diagnostic criteria because it is characterized
by a distinct cranial strain pattern of chronic extension of
sphenobasilar symphysis (SBS).13 However, we were unable
to recruit a sufficient number of subjects with severe asthma.

Further, the most common cranial strain pattern found
in asthma subjects in this study was a right sidebending rota-
tion—a diagnosis that does not fit with the proposed model
of asthma as associated with SBS extension.13 Relaxing our cri-
teria for inclusion of participants in the asthma group may
account for the increased percentage of subjects with no
observed cranial strain pattern and for increased inconclusive
findings (ie, all three evaluations had different cranial strain
patterns). Additional complications in recruiting participants
with asthma arose from the hair-length and availability pro-
tocol requirements of the present study. Future studies with
increased sample sizes and more stringent criteria for inclu-
sion in the asthma diagnosis group would be important for
elucidating the proposed link between SBS extension and
asthma.

Evaluations of subjects in the control group showed
almost perfect intraobserver reliability for cranial strain pat-
terns. One possible explanation for this high level of intraob-
server reliability may be related to the stability of findings
within the diagnostic group. Among all three study groups,
the control group had the highest percentage of subjects with
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Table 2
Rate of Cranial Rhythmic Impulse: Intraobserver Reliability of Palpatory Diagnosis by Study Group (N=48)*

Study Group† Prevalence, No. (%) � Statistic (95% CI) Reliability Level Percent Agreement

� Asthma (n=16) 0.10 (-0.27 to 0.46) Slight 58
▫ Low (0-7 cpm) 4 (25)
▫ Normal (8-14 cpm) 11 (69)
▫ High (�15 cpm) 1 (6)

� Headache (n=17) 0.23 (-0.16 to 0.62) Fair 69
▫ Low (0-7 cpm) 4.3 (25)
▫ Normal (8-14 cpm) 12.3 (72)
▫ High (�15 cpm) 0.3 (3)

� Control (n=15) 0.29 (-0.01 to 0.58) Fair 64
▫ Low (0-7 cpm) 7 (47)
▫ Normal (8-14 cpm) 8 (53)
▫ High (�15 cpm) 0 (0)

* Prevalence estimates are calculated as the number of evaluations with a specific palpatory diagnosis divided by 3 (ie, the number of evaluations per subject) 
and are reported to one decimal place. In addition, the nomenclature for describing the level of reliability associated with a specific value of the kappa (�)
statistic, as presented by Landis and Koch,18 is as follows: <0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00,
almost perfect.

† P=.57, obtained from a logistic regression model comparing diagnostic groups on the probability of agreement between two evaluations of the cranial 
rhythmic impulse rate.

Abbreviation: CI, confidence interval; cpm, cycles per minute.

(asthma group) to 0.34 (headache and control groups), indi-
cating fair intraobserver reliability. For assessment of the right
posterior quadrant of restriction, the � coefficients ranged
from 0.43 (control group) to 0.52 (headache group), indicating
moderate intraobserver reliability. No significant difference
in intraobserver reliability was observed between individual
diagnostic groups for any of the quadrants of restriction.

Comment
Cranial Strain Patterns
The overall results for evaluations of intraobserver reliability
of cranial strain patterns for all three diagnostic groups indi-
cate that our goal of substantial intraobserver reliability
(�>0.60) can be obtained. Since higher levels of intraobserver
reliability are assumed to be more easily achieved than inter-
observer reliability,1 we raised the standard level for accept-
able reliability in this study from �>0.40 to �>0.60. How-
ever, because no standard for an acceptable � coefficient for
intraobserver reliability has been established, the apparently
positive results of the present study should be interpreted
with caution.

When cranial strain pattern results were analyzed by
diagnostic group, the intraobserver reliability achieved for the
headache and control groups met our goal, but those of the
asthma group did not. The difference in intraobserver relia-
bility between the control and asthma groups was statistically
significant (P=.04). This finding may be the result of type I
error, or it may be related to the inclusion in the asthma
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Subjects in the headache group had fewer discernible
cranial strain patterns, with no clear dominant pattern, com-
pared with subjects in the other two study groups. This finding
may be the result of the broad inclusion criteria used for recur-
rent headaches, which we defined as headaches occurring at
least twice per month for more than 3 months. The severity, fre-
quency, and type of headache (eg, cluster, migraine, or tension)
were not specified in the inclusion criteria, which may have
contributed to a lack of clear findings in the present study. It
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Table 3
Cranial Strain Patterns: Intraobserver Reliability of Palpatory Diagnosis by Study Group (N=48)*

Study Group† Prevalence, No. (%) � Statistic (95% CI) Reliability Level Percent Agreement

� Asthma (n=16) 0.52 (0.37-0.68) Moderate 63
▫ No strain pattern 4 (25)
▫ Torsion
– Left 2.7 (16)
– Right 2.3 (15)
▫ Sidebending rotation
– Left 0.7 (5)
– Right 5 (31)
▫ Lateral strain
– Left 0.7 (4)
– Right 0 (0)
▫ Compression 0.7 (4)

� Headache (n=17) 0.76 (0.52-0.83) Substantial 75
▫ No strain pattern 4.7 (28)
▫ Torsion
– Left 2.3 (13)
– Right 2.3 (13)
▫ Sidebending rotation
– Left 1 (6)
– Right 5.3 (31)
▫ Lateral strain
– Left 0.3 (3)
– Right 1 (6)
▫ Compression 0 (0)

� Control (n=15) 0.82 (0.63-1.00) Almost perfect 87
▫ No strain pattern 6 (40)
▫ Torsion
– Left 0 (0)
– Right 3.3 (22)
▫ Sidebending rotation
– Left 1 (7)
– Right 3 (20)
▫ Lateral strain
– Left 0 (0)
– Right 0.3 (2)
▫ Compression 1.3 (9)

* Prevalence estimates are calculated as the number of evaluations with a specific palpatory diagnosis divided by 3 (ie, the number of evaluations per subject)
and are reported to one decimal place. In addition, the nomenclature for describing the level of reliability associated with a specific value of the kappa (�)
statistic, as presented by Landis and Koch,18 is as follows: <0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00, 
almost perfect.

† P=.04, obtained from a logistic regression model comparing diagnostic groups on the probability of agreement between two evaluations of cranial strain
pattern. The probability of agreement for the control group was greater than that for the asthma group.

Abbreviation: CI, confidence interval.

no observed cranial strain pattern. In addition, right torsion
and right sidebending rotation were frequently diagnosed in
subjects in the control group. This clustering of findings into
three predominant outcomes suggests that intraobserver reli-
ability of cranial strain pattern diagnoses can be achieved
for subjects with no known major medical diagnoses or his-
tories of trauma. Being able to diagnose subjects with no cra-
nial strain pattern is just as important as diagnosing subjects
who do have cranial strain patterns.
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ability in CRI diagnoses is that CRI may not be a constant
physiologic phenomenon—but rather a dynamic phenomenon,
like heart rate. It is likely that the heart rates of subjects
decreased during the examination period because they were
recumbent and resting. Likewise, CRI rates may have changed
during this time because of changes in subjects’ levels of 
consciousness. For example, a subject may have been in an
awake or alert state during the first evaluation but in a resting
or sleeping state during the second or third evaluations of 
the examination session. It was observed that at least 1 subject
in every session fell asleep and began to snore. Because the
snoring could have provided reference cues to the examiners
and impacted blinding protocols, these subjects were gently
awakened. Thus, a subject might have had three changes in his
or her level of consciousness during the examination pro-
cess—awake for the first evaluation, sleeping for the second
evaluation, and reawakened for the third evaluation.

We are aware of no studies that have examined changes
in CRI rate associated with sleep. Therefore, the existence of
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Table 4
Cranial Quadrants of Restriction: Intraobserver Reliability of Palpatory Diagnosis by Study Group (N=48)*

Study Group Prevalence, No. (%) � Statistic (95% CI) Reliability Level Percent Agreement

� Asthma (n=16)
▫ Anterior, restricted
– Left† 4.3 (27) 0.37 (-0.04 to 0.77) Fair 75
– Right‡ 8.3 (52) 0.33 (0.05 to 0.62) Fair 67
▫ Posterior, restricted
– Left§ 6 (37) 0.29 (-0.03 to 0.61) Fair 67
– Right// 6.7 (42) 0.49 (0.19 to 0.78) Moderate 75

� Headache (n=17)
▫ Anterior, restricted
– Left† 3 (18) 0.60 (0.05 to 1.00) Substantial 88
– Right‡ 7.3 (43) 0.52 (0.24 to 0.81) Moderate 76
▫ Posterior, restricted
– Left§ 5 (29) 0.34 (-0.03 to 0.71) Fair 73
– Right// 9.3 (55) 0.52 (0.25 to 0.80) Moderate 76

� Control (n=15)
▫ Anterior, restricted
– Left† 3.3 (22) 0.61 (0.13 to 1.00) Substantial 87
– Right‡ 10 (67) 0.40 (0.04 to 0.76) Moderate 73
▫ Posterior, restricted
– Left§ 5.7 (38) 0.34 (0.01 to 0.67) Fair 69
– Right// 5.7 (38) 0.43 (0.11 to 0.76) Moderate 73

* All P values reported were obtained from a logistic regression model comparing diagnostic study groups on the probability of agreement between two
evaluations. Prevalence estimates are calculated as the number of evaluations with a specific palpatory diagnosis divided by 3 (ie, the number of evaluations 
per subject) and are reported to one decimal place. The nomenclature for describing the level of reliability associated with a specific value of the kappa (�)
statistic, as presented by Landis and Koch,18 is as follows: <0.00, poor; 0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00,
almost perfect.

† P=.17
‡ P=.54
§ P=.81
// P=.94

Abbreviation: CI, confidence interval.

might be valuable for future studies to evaluate cranial strain
patterns in various subcategories of patients with headaches,
including those with varying frequency rates and severity
levels.

Cranial Rhythmic Impulse
The low � values found for diagnoses of CRI rate in sub-
jects—both in the overall results and by study group—were
quite surprising. Although passive palpatory testing tech-
niques (ie, light-touch monitoring of the head instead of
active testing for each possible strain pattern) were used to
minimize the potential influence of the diagnostic process
on the cranial movement characteristics, changes may still
have occurred due to the forces associated with repeated
evaluations. The idea that palpation is an interaction between
the observer and the subject—an interaction that can affect
various findings in the subject—is an idea discussed in sev-
eral studies of inter- and intraobserver reliability.6,8,19

Another possible explanation for the low intraobserver reli-



JAOA • Vol 108 • No 9 • September 2008 • 501

nostic results during multiple data-collection intervals.
In future studies, it is important to consider increasing

the number of examiners and subjects to better evaluate
intraobserver reliability. Success at this level of testing for
intraobserver reliability should then lead to studies of inter-
observer reliability, using the same examiners and palpation
parameters, to determine the extent to which reliability of cra-
nial mechanism diagnoses could be generalized in the clinical
setting.

Conclusion
The overall objective of the present study was to test whether
substantial intraobserver reliability (�>0.60) could be achieved
by DOs using common palpatory tests to diagnose cranial
mechanisms in subjects divided into three study groups—
subjects with asthma, subjects with headaches, and healthy 
control subjects. Diagnoses of cranial strain patterns in the
healthy control group showed almost perfect intraobserver
reliability, even with two-thirds of the subjects (ie, 10 of 15) diag-
nosed with some type of cranial strain pattern in at least one
of the three palpatory evaluations. Diagnoses of cranial strain
patterns in the headache group showed substantial intraob-
server reliability. Although diagnoses of cranial strain pat-
terns in the asthma group showed only moderate reliability,
the � coefficient for this group was 0.08 from the substantial reli-
ability goal. The moderate intraobserver reliability found in cra-
nial strain pattern diagnoses for the asthma group may be
associated with the low enrollment of subjects with severe
asthma—a factor that may also be responsible for the observed
statistical difference between the asthma and control groups.

The low � coefficients observed for CRI rate and the quad-
rants of restriction may be related to physiologic changes in the
subjects resulting from examiner-subject interaction associ-
ated with each manual examination and illustrating an inherit
limitation of this type of manual medicine study.6,8,19 Despite
this hypothesized interaction, the present study was successful
in achieving substantial intraobserver reliability for diagnoses
of cranial strain patterns in healthy subjects and in subjects with
specified medical conditions.
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