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Objective: The purpose of this study is to perform a secondary analysis using modified
methods of previously reported data to analyze the amount of examiner concordance in the
Johnston and Friedman percussion scan of the most fixated spinal level.
Method: A 2001 study evaluated interexaminer reliability of the percussive method of
Johnston and Friedman for detecting altered segmental mobility (somatic dysfunction,
spinal/segmental dysfunction, or chiropractic subluxation) in the thoracic spine. The original
reported level of agreement using the κ statistic for discrete measures was only 0.07,
judged “slight.” The data were reformatted to permit recalculating the degree of
interexaminer agreement using the intraclass correlation coefficient statistic, which uses
continuous analysis, unlike κ that performs discrete analysis. Following an initial
calculation, the data were modified to reflect the caudally increasing vertebral height of
the thoracic vertebrae.
Results: The reformatted and modified data, intraclass correlation coefficient (2,1) = 0.253
(0.100,0.482), showed the findings as “poor,” which is better interexaminer agreement for
percussion motion palpation than the original reported κ value judged as “slight.”
Conclusions: Reanalyzing the data using an alternative statistical method showed greater
interexaminer reliability than was originally reported. This secondary analysis demonstrates
how study results may vary depending on the experimental design and statistical methods
chosen for analysis.
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Introduction

The study by Ghoukassian et al1 evaluated inter-
examiner reliability of the Johnston and Friedman
ciences.
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Table 1 Original data, number of examiners finding
given vertebral level the most fixated

Vertebral level
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percussive scan of the thoracic spine. 2 This osteopathic
palpatory procedure purports to detect increased tissue
tension and joint hypomobility, both considered
elements of somatic dysfunction, spinal/segmental
dysfunction, or chiropractic subluxation. The procedure
consists of the thumb and third finger of the examiner
straddling the thoracic spinous processes so as to
contact the paravertebral muscles, and then proceeding
down the vertebral column deploying one percussive
strike per segment. Vertebral movement at each level is
assessed and compared with movement at segments
above and below. Ghoukassian et al describe the
findings being “motion restriction results in increased
tension and decreased elasticity of the segmental
musculature, leading to a decreased rebound to the
percussion stroke.”1 It is unknown howmany doctors of
chiropractic may use a similar manual percussive
treatment method, although one similar example may
be the Pro-Adjuster, a computer-controlled mechanical
percussive instrument some use to identify and treat
fixated segments. 3

For this study, I wanted to explore a different
question than the one addressed by the original
investigators. Although the original study evaluated
the probability of exact agreement, for this reanalysis,
the process will analyze how far apart the examiners
had been in their determinations of the most fixated
spinal level. Review of the data suggested that they
could be reorganized so as to determine the proximity
of the examiners’ findings. Therefore, the purpose of
this study is to perform a secondary analysis of
previously reported data to analyze the amount of
examiner concordance in palpation of the most fixated
spinal level.
Participants 1 2 3 4 5 6 7 8 9 10 11 12

1 1 3 1 1 2 1 1
2 2 3 2 2 1
3 1 2 3 4
4 1 2 2 1 1 3
5 1 3 1 1 1 1 1 1
6 1 5 1 1 1 1
7 2 1 2 2 1 1 1
8 1 1 1 3 2 2
9 1 3 1 4 1
10 1 6 1 1 1
11 3 3 2 1 1
12 2 3 1 2 1 1
13 3 1 2 2 2
14 2 2 2 3 1
15 3 3 3 1
16 1 2 1 2 2 2
17 3 3 1 1 2
18 1 1 2 1 1 2 2
19 2 3 1 3 1
Methods

The study of Ghoukassian et al recruited 19
asymptomatic male volunteers (mean age, 22 years)
and 10 senior postgraduate osteopathic students as
examiners, each having had at least 2 years’ experience
using the percussive method. The examiners had 2
training sessions to standardize the protocol. Each
examiner then examined each participant, identifying
the “most significant area of altered tissue tension,”1

the level that manifested the least rebound to the
percussive stroke between T1 and T12. Doctors of
chiropractic may use similar terms such as loss of
springiness, decreased intersegmental motion, or fixa-
tion to convey the same clinical impression. 4
Using the κ statistic, the investigators reported
interexaminer agreement to be 0.07 (P b .01), which
would be judged only “slight.”5 Ghoukassian et al
concluded: “This result suggests that the inter-examiner
reliability of this examination procedure remains
questionable when used alone.”1 These results seemed
far less impressive than those reported in the prede-
cessor study of Johnston and Friedman,2 who had
reported 79% interexaminer agreement. However,
simply reporting percentage agreement among exam-
iners does not correct for chance agreement and thus
may overstate the level of agreement. 6 Using κ to
calculate interexaminer reliability is more interpretable
because it corrects for chance agreement. 7

The data from Ghoukassian et al are reported in
Table 1, adapted from the published article. Each cell
reports the number of examiners out of 10 who found a
given level to be the most fixated for each of the 19
participants. Although the κ value was very low,
suggesting low reliability, simple inspection of Table 1
tells a somewhat different story. For example, in the
case of participant 10, 6 of 10 examiners found T4 to be
the most fixated segment; and for participant 19, all of
the examiners found the most fixated segment to lie
between T4 and T8. Although exact examiner agree-
ment was generally speaking infrequent, there was
noticeable agreement on the approximate location of
somatic dysfunction.



Table 2 Reformatted data, segments distant from C7,
examiner order random

Vertebral level

Participants 1 2 3 4 5 6 7 8 9 10

1 3 4 4 4 5 6 7 7 8 10
2 2 2 4 4 4 9 9 10 10 11
3 3 8 8 10 10 10 11 11 11 11
4 3 5 5 6 6 7 10 11 11 11
5 2 3 3 3 4 5 6 7 8 9
6 1 2 2 2 2 2 3 4 7 9
7 1 1 2 3 3 4 4 5 6 9
8 1 4 6 7 7 7 8 8 9 9
9 4 5 5 5 6 8 8 8 8 9
10 2 4 4 4 4 4 4 5 8 10
11 5 5 5 6 6 6 7 7 8 9
12 1 1 2 2 2 3 4 4 7 12
13 3 3 3 4 5 5 7 7 11 11
14 5 5 6 6 9 9 10 10 10 12
15 6 6 6 7 7 7 8 8 8 10
16 2 5 5 7 10 10 11 11 12 12
17 2 2 2 3 3 3 4 8 11 11
18 1 4 6 6 7 8 9 9 11 11
19 4 4 5 5 5 6 7 7 7 8
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Reformatting the data was done so that examiner
agreement could be analyzed using the intraclass
correlation coefficient (ICC) regarding the thoracic
spinal levels to comprise an estimated interval scale
(“estimated” because the intervertebral distances were
not equal, increasing caudally). Table 2 was derived
from the data in Table 1 by using C7 as an arbitrary
Table 3 Corrected data, computed approximate segments dist

Vertebral level

Participants 1 2 3 4 5

1 3.28 4.55 4.55 4.55 5
2 2.09 2.09 4.55 4.55 4
3 3.28 10.58 10.58 14.14 14
4 3.28 5.92 5.92 7.38 7
5 2.09 3.28 3.28 3.28 4
6 1.00 2.09 2.09 2.09 2
7 1.00 1.00 2.09 3.28 3
8 1.00 4.55 7.38 8.93 8
9 4.55 5.92 5.92 5.92 7
10 2.09 4.55 4.55 4.55 4
11 5.92 5.92 5.92 7.38 7
12 1.00 1.00 2.09 2.09 2
13 3.28 3.28 3.28 4.55 5
14 5.92 5.92 7.38 7.38 12
15 7.38 7.38 7.38 8.93 8
16 2.09 5.92 5.92 8.93 14
17 2.09 2.09 2.09 3.28 3
18 1.00 4.55 7.38 7.38 8
19 4.55 4.55 5.92 5.92 5
reference point for calculating the relative location of
the most fixated segment as determined by each of the
multiple examiners.

For the purpose of analysis, it was necessary to
measure how close the examiners were for each
participant. Rather than directly calculating these
distances by using the equivalent of a ruler, it was
more convenient to get the data into a statistics program
by calculating the location of the fixations from an
arbitrary point. For example, if C3 and C4 were found
fixated by examiners 1 and 2, respectively, then their
ratings might have been directly calculated to be 2 cm
apart using the arbitrary metric that 1 vertebral level = 2
cm. Alternatively, C3 could be measured to be 6 cm
from C7, and C4 to be 8 cm from C7. Subtracting, we
would indirectly derive the same distance between the
2 examiners’ fixation locations: 2 cm.

Turning to the data in Table 1, it can be seen that, in
the case of participant 1, no examiner found T1 or T2 to
be the most fixated level, but one examiner did find T3
the most fixated. Because T3 is 3 levels distant from
C7, the number “3” is entered into the first cell in the
table, representing the place the first examiner found
the first participant to be the most fixated. Proceeding in
a similar fashion, Table 1 tells us that 3 examiners
found T4, which is 4 levels from C7, the most fixated
segment. Thus, the number “4” is entered into the next
3 cells of the first row. By extending this counting
procedure for all participants, the author was able to
derive Table 2 from the original data in Table 1. The
ant from C7, examiner order random

6 7 8 9 10

.92 7.38 8.93 8.93 10.58 14.14

.55 12.31 12.31 14.14 14.14 16.06

.14 14.14 16.06 16.06 16.06 16.06

.38 8.93 14.14 16.06 16.06 16.06

.55 5.92 7.38 8.93 10.58 12.31

.09 2.09 3.28 4.55 8.93 12.31

.28 4.55 4.55 5.92 7.38 12.31

.93 8.93 10.58 10.58 12.31 12.31

.38 10.58 10.58 10.58 10.58 12.31

.55 4.55 4.55 5.92 10.58 14.14

.38 7.38 8.93 8.93 10.58 12.31

.09 3.28 4.55 4.55 8.93 18.07

.92 5.92 8.93 8.93 16.06 16.06

.31 12.31 14.14 14.14 14.14 18.07

.93 8.93 10.58 10.58 10.58 14.14

.14 14.14 16.06 16.06 18.07 18.07

.28 3.28 4.55 10.58 16.06 16.06

.93 10.58 12.31 12.31 16.06 16.06

.92 7.38 8.93 8.93 8.93 10.58
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numbers entered into cell of Table 2 tell us how far each
of the 10 examiners was from C7 for each of the 19
participants. We cannot determine which examiner
identified any particular segment as the most fixated;
but we do not need such information to calculate the
ICC, which, unlike some other correlation measures,
operates on data that are structured as groups. By
comparison, the κ statistic operates on data that are
structured as paired observations.

Having calculated an initial ICC for the derived
data in Table 2, the author then modified those data to
reflect the fact that the thoracic spinal levels do not
comprise a cardinal scale per se because each
successive thoracic level headed caudally is more
than one incremental unit distant from C7. Taking an
approximate measurement from a dry spine, the height
of T1 was very close to two-thirds the height of T12.
This measurement allowed transforming Table 2 into
Table 3, which takes into account the increasing
height of the caudal thoracic vertebral levels. This in
turn allowed calculating a modified, revised ICC for
the study of Ghoukassian et al. 1
Results

Applied to the transformed data in Table 2, uncor-
rected for increasing caudal height of thoracic vertebrae,
ICC (2,1) = 0.262 (0.104, 0.494). This would be judged
“poor” according to the following scale: above 0.75 =
good reliability, 0.40 to 0.75 = fair to good reliability,
below 0.40 = poor reliability.8 Applied to the trans-
formed data in Table 3, corrected for the increasing
caudal height of thoracic vertebrae, the revised ICC value
was ICC (2,1) = 0.253 (0.100,0.482), also judged “poor.”
Discussion

Although statistical beauty is always in the eyes of
the beholder, the author believes the “poor” agreement
attained in this reanalysis using continuous measures
and ICC value is more impressive than the “slight”
agreement previously reported using the κ statistic. One
can only wonder what the results of other spine-related
interexaminer reliability studies would have been had
they used a continuous measures methodology, ame-
nable to analysis with ICC. Given the generally low
levels of agreement that in fact have been reported in
reliability studies in the manual arts, the way forward
may lie less in improving examination techniques and
more in improving the methods by which we assess
examiner concordance. One can only wonder what
might have been the results had a continuous measures
methodology been used in virtually countless studies of
radiograph marking, leg checking procedures, thermo-
graphic evaluation, motion palpation (MP), and other
low-tech patient evaluation methods.

In most palpation studies, the examiners decide for
each segment whether they find it fixed or not (springy
or not, having a hard end-feel or not, etc). Such studies
are typically evaluated using the κ statistic. For
example, Haas et al9 performed a thoracic end-feel
palpation study that reported κ = 0.14. In their thoracic
study, Ghoukassian et al1 also used κ even though the
data were amenable to analysis with ICC.

In an interexaminer reliability study, the best that
examiners can do is to exactly agree in all their ratings.
The next best outcome would be that they almost agree
in most of their ratings; that would indicate more
reliability than purely and simply disagreeing most of
the time. The ICC statistic is designed to calculate how
similar examiners’ ratings are, whereas the κ statistic is
designed to calculate to what degree there is exact
agreement. The purpose of the present study was to
illustrate, using the vehicle of a study on percussive
palpation, that ICC may more clearly mirror interex-
aminer reliability by setting a more clinically realistic
and relevant level for defining “agreement.” Because
some fixations may result from contractures of muscles
and ligaments that span several segments, it may be
more relevant to define agreement as having close
proximity rather than strict segmental concordance. In
principle, the use of the κ statistic can be made more
liberal by considering examiners in agreement when
their calls are within ±1 spinal segment of each other.
For example, Christensen et al, 10 using such a
definition of agreement, reported intraexaminer reli-
ability to be good (κ = 0.59 to 0.77), whereas
interexaminer reliability was low (κ = 0.24 and 0.22).

The clinical consequence of examiners “almost
agreeing” as compared with exactly agreeing is no
doubt variable. One would prefer exact agreement if
examiners were making the call on the presence of a
life-threatening illness, but almost agreeing may be
acceptable when deciding what spinal level might be
best adjusted in a patient who has uncomplicated
musculoskeletal pain.

The ICC levels computed for original and modified
data in Tables 2 and 3 were 0.262 and 0.253, which
both must be judged to be “poor.” The ICC values in
this range, although they do not strongly support the
present utility of the examination procedure, are high
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enough to warrant further research toward modifying
the method and improving upon the results. The results
as reported by Ghoukassian et al in the original study,
κ = 0.07, 1 was not construed to warrant further
attention. The present reanalysis and reinterpretation
of the original data serve as a reminder that our
judgment on the merits of a patient assessment method
could be rather sensitive to the mode of analysis chosen
to interpret study outcomes.

In continuous analysis, the measuring device has
units—1 in, 1 mm, perhaps 1 vertebral level, as the case
may be. In the first iteration, for the sake of simplicity,
the author assumed that, in effect, the original
investigators had used a measuring device with a
resolution of 1 vertebral level. In the second iteration,
the author took into account that the thoracic levels are
not spaced at equal increments, and corrected the data
for measurement bias. This did not appreciably change
the results.

In our own study on the interexaminer reliability of
thoracic MP,11 we deployed a methodology very
similar to that used by Ghoukassian et al. 1 Whereas
they used an upright percussive examination technique,
we used a prone end-feel method to evaluate posterior
to anterior glide in the thoracic spine. In our study, each
of the 2 examiners measured the distance between the
most fixated level between T3 and T11 to an arbitrary
fixed point on the sacral base. Because we directly
recorded our findings in centimeters rather than as
discrete vertebral levels, we did not have to convert
spinal levels to centimeters to compute ICCs.

Our study included another very important design
feature: we allowed the examiners to rate their level of
confidence in their findings as either “very confident”
or “not confident.” By doing so, we were able to
analyze a subset of the total sample in which both
doctors were confident in their findings: ICC = 0.827
(95% confidence interval, 0.626-0.925). This was
judged to be “good to excellent” reliability; we are
not aware of any other study that reported better
interexaminer reliability, at least among studies where
there was no dialogue allowed between the study
participants and the examiners.

For all participants combined in our study, unstra-
tified by doctors’ confidence ratings, ICC = 0.311 (95%
confidence interval, 0.046-0.536). This lower ICC is
rather close to the ICC achieved in the study of
Ghoukassian et al. 1 Therefore, we may hypothesize
that these latter investigators, had they allowed
stratification of the doctors’ calls as we did, may have
achieved a higher level of interexaminer agreement in a
hypothetical confident subgroup.
The prior study is one of the few that achieved high
reliability and used palpation only; there was no verbal
interaction with the participants, as occurred in a well-
known cervical MP study12 that also showed high
reliability. Our study made no breakthrough in the
palpatory method. Rather, we used a method of
calculating interexaminer agreement. It was this
experience that suggested that the results in the study
of Ghoukassian et al 1 were possibly due to choice of
study design and method of data analysis.

Among other MP studies, only 213,14 used a most
fixated segment paradigm similar to that of Ghoukas-
sian et al. 1 Although Potter and Rothstein, like
ourselves, used ICC to assess concordance, theirs was
an intraexaminer study. They used findings other than
MP to assess agreement. For these reasons, we cannot
compare their study's findings with our own or with
those of Ghoukassian et al.

Limitations of the study

As a secondary analysis of previously published
data, this present study could not control for the
limitations of the parent study.1 Data obtained from the
parent study were extracted from the published article
and were not from original raw data spreadsheets; thus,
there may have been errors introduced by using these
methods. A limitation of this secondary analysis was
the variable distance between vertebral levels; although
the author did introduce a heuristic correction to reduce
the errors, this did not have much impact.

Suggestions for future studies

At present, the clinical value of MP in identifying
optimal locations to target manipulative or other
therapeutic procedures is unknown. To our knowledge,
it has not been demonstrated that the information
provided by MP improves the outcome of clinical care.
On the contrary, one randomized clinical trial (although it
itself had some limitations) suggested that the informa-
tion provided by MP did not immediately improve the
outcome of care.15 Thus, because of lack of information,
it is unknown if findings from spinal palpation contribute
to treatment procedures and clinical outcomes.

In regard to future studies for interexaminer
reliability, altering the experimental design, in partic-
ular so as to permit continuous analysis, may improve
the ability to detect examiner agreement. Using a
continuous measures methodology for gathering and
analyzing data could improve the results of other
interexaminer reliability studies in the manual arts. As
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well, future studies should include subgrouping by
examiner confidence levels.

Ultimately, more reliable methods of patient evalu-
ation are needed. Underdevelopment of good assess-
ment methods, both reliable and valid, will ultimately
prevent us from properly selecting participants likely to
benefit from chiropractic care in outcome studies.
There is an old adage that there are 3 factors in
obtaining a good treatment outcome: patient selection,
patient selection, and patient selection. Outcome
studies in the manual arts, not to mention the derivation
of clinical prediction rules16 studies, are likely to
continue underperforming unless and until we adopt
more realistic and clinically relevant means of
operationally defining agreement.

Conclusion

Reanalyzing the data using an alternative statistical
method showed greater interexaminer reliability than
was originally reported. This secondary analysis
demonstrates how study results may vary depending
on the experimental design and statistical methods
chosen for analysis. Intraclass correlation coefficient
may more clearly mirror interexaminer reliability by
setting a more clinically realistic and relevant level for
defining “agreement.”
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