ISSN 0008-3194 (p)/ISSN 1715-6181 (e)/2016/146—157/$2.00/©JCCA 2016

The reliability of lumbar motion palpation using
continuous analysis and confidence ratings:
choosing a relevant index of agreement

Robert Cooperstein, MA, DC!
Morgan Young, DC'

Introduction: Most studies show motion palpation
unreliable. This study’s primary objective was assessing
its reliability using a continuous measure methods,
most-fixated level paradigm, stratified by examiners’
confidence, and the secondary objective was comparing
various indices of examiner agreement.

Methods: Thirty-four minimally symptomatic
participants were palpated in side posture by two
experienced examiners. Interexaminer differences in
identifying the most-fixated level and degree of examiner
confidence were recorded. Indices of agreement were:
Intraclass correlation coefficient, Mean and Median
Examiner Absolute Examiner Differences, Root-Mean-
Square Error and Bland-Altman Limits of Agreement.

Introduction : La plupart des études montrent que

la palpation dynamique n’est pas fiable. L’ objectif
principal de cette étude était d’évaluer sa fiabilité en
utilisant des méthodes de mesure continue, le paradigme
du niveau intervertébral le plus fixé, empreint du degré
d’incertitude des examinateurs; et >objectif secondaire
était de comparer divers indices de concordance des
examinateurs.

Méthodologie : Trente-quatre participants
minimalement symptomatiques ont été palpés en
position couchée par deux examinateurs expérimentés.
Les différences, dans la capacité de désigner le niveau
intervertébral le plus fixé, entre les examinateurs et le
degré d’incertitude de ces derniers ont été enregistrés.
La liste suivante constitue les indices de concordance :
le coefficient de corrélation intraclasse, la moyenne et la
médiane des examinateurs, les différences absolues entre
les examinateurs, et les limites de concordance selon
Bland-Altman.

Résultats : Trois des quatre indices de fiabilité (a
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Results: Three of four reliability indices (excluding
intraclass correlation) suggested on average examiners
agreed on the most fixated motion segment, and
agreement increased with confidence. Statistical
measures of data dispersion were low. The analyses of
subgroups were “fragile” due to small sample size.

Discussion: Although subject homogeneity lowered
ICC levels, the other reliability measures were not
similarly impacted. Continuous measures statistical
analysis demonstrates examiner agreement in situations
where discrete analysis with kappa may not.

Conclusion: Continuous analysis for the lumbar most-
fixated level is reliable. Future studies will need a larger
sample size to properly analyze subgroups based on
examiner confidence.

(JCCA. 2016;60(2):146-157)

KEY WORDS: chiropractic, motion palpation, lumbar,
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I’exception de la corrélation intraclasse) ont suggéré
qu’en moyenne les examinateurs concordent sur

le niveau intervertébral le plus fixé en palpation
dynamique; la concordance augmente avec le niveau de
certitude. Les mesures statistiques de dispersion étaient
faibles. Les analyses des sous-groupes n’étaient pas
fiables en raison de la petite taille des échantillons.

Discussion : Bien que I’homogénéité des sujets réduise
les niveaux du CClI, cela n’affecte pas pour autant les
autres mesures de fiabilité. Les analyses statistiques des
mesures continues révelent une concordance entre les
examinateurs dans des circonstances ou une analyse
discrete avec indice de concordance kappa en serait
incapable.

Conclusion : L’analyse continue du niveau
intervertébral le plus fixé est fiable. Les études futures
auront besoin d’un plus grand échantillon afin
d’analyser correctement les sous-groupes en fonction du
niveau de certitude des examinateurs.

(JCCA. 2016;60(2):146-157)

MOTS CLES : chiropratique, palpation dynamique,
lombaire, fiabilité, analyse continue, degré d’incertitude

Introduction
Motion palpation (MP) of the spine and sacroiliac joints
is an assessment tool that is integral to most manual ther-
apy practitioners and is taught within the core curricu-
lum of virtually every chiropractic college. Most studies
show MP to be unreliable, with concordance not much
above chance levels.'* Possible explanations for the gen-
eral poor interexaminer reliability of MP have involved
variation in procedure®, poor interexaminer spinal level
localization leading to possible misreported discrepan-
cies®’, incorrect spinal landmarks®!°, and variations in pa-
tient anatomy''. Moreover, few previous studies allowed
examiners to identify different degrees of fixation; this
most likely lowered reported levels of agreement since
it was not reasonable to expect agreement where one or
both examiners did not find the subject especially fixated.
Despite the reported low reliability of spinal MP, the
authors were able to develop an alternative study design
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that ultimately demonstrated higher degrees of interexa-
miner reliability in the thoracic'? and cervical® spines.
Rather than having the examiners in their study rate in-
dividual spinal levels as fixated or non-fixated, the exam-
iners were asked to identify the location within a defined
spinal range that was the “most-fixated” (in this paper
the term “most-fixated” characterizes a vertebra that is
perceived by the examiner to exhibit more resistance to
movement with palpatory pressure than other vertebrae in
a defined range). In addition, the examiners were asked to
state whether they were “confident” or “not-confident” in
their finding, so as to allow analysis of subject subgroups
that were stratified by the degree of examiner confidence.
The primary goal of the present study was the adoption of
this “most-fixated” level paradigm to study the interexa-
miner reliability of motion palpation of the lumbar spine.
The secondary goal was to explore the properties of vari-
ous indices of examiner agreement.
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Methods

This study was approved by the Institutional Review
Board of the Palmer College of Chiropractic, and all sub-
jects provided written informed consent. The subjects
constituted a convenience sample of 35 chiropractic col-
lege students who were either asymptomatic or had low
back/leg pain <2 on a 0-10 pain scale. The eligibility cri-
teria excluded subjects who had received manual therapy
in the lumbar spine or sacroiliac joints on the day of the
study. The pre-established number of subjects to be used
in this study was based upon the work of Eliasziw et al.'*;
the sample size required at the 5% significance level with
80% power is approximately 35 subjects. It is reasonable
to consider an intraclass correlation (ICC) value of 0.60
to be minimally acceptable for inter-examiner reliability,
based on a scale by which reliability is judged “poor”
for values less than 0.40, “fair” between 0.40 and 0.59,
“good” between 0.60 and 0.74, and “excellent” for values
between 0.75 and 1.00%. Although these verbal pegs for
ICC values are arbitrary, according to Cicchetti' they are
widely accepted by biostatisticians. The two examiners
in this study were both licensed and experienced chiro-
practors (one 30 years, the other 10 years of experience)
who routinely utilize MP. The subjects did not speak to
the examiners during the examination; the examiners
were situated on opposite ends of the research laboratory,
masked as to each other’s examination findings. Two

research assistants escorted subjects through the experi-
ment, ensuring that the examiners alternated in assessing
them to prevent order effects, and recorded the data.
Subjects were first asked to lie prone on a treatment
bench. One of the examiners then placed skin marks using
a water-soluble pen at the putative locations of the ver-
tebra prominens (VP), S2, and T12. The same examiner
measured the distance from VP to S2, as a proxy for sub-
ject height, to be used subsequently in the analysis of data
subsets. For the examiners to perform MP, the subjects
were positioned with the left side up, with the left upper
hip and knee flexed, as if to receive a manipulative pro-
cedure commonly called a “pull move”.!® Other studies
have used a similar method to assess lumbar motion."”?
The examiner then applied overpressure at the tested
spinal level using the distal aspect of his right middle fin-
ger (see Figure 1). While doing so, he used his left hand
to apply anteroposterior pressure to the subject’s crossed
arms, and his right thigh to traction and apply posteroan-
terior pressure to the subject’s left thigh. The examiners
successively assessed each of the spinous processes (SPs)
of the lumbar spine. After identifying the most-fixated
spinal level, each examiner measured its distance to the
S2 pen mark, and the data were recorded by a research
assistant (Figure 2). The examiner also stated whether
he was “confident” or “not confident” in his finding. Al-
though there was some variation in the amount of time

Figure 1.
Motion palpation of the lumbar spine.

148

Figure 2.
Localizing the most-fixated level.
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between examinations, at least 5 minutes elapsed between
palpatory procedures by the two examiners.

Examiner agreement was assessed by determining the
difference in the measured distances of the most-fixated
segment from the reference mark at S2. Interexaminer re-
liability was calculated using the following 4 statistical
functions: (a) Intraclass Correlation Coefficient (ICC); (b)
Mean Absolute Examiner Differences (MeanAED); (c)
Median Absolute Examiner Differences (MedianAED);
and Bland-Altman Limits of Agreement (LOA). These
statistical functions were calculated for the entire data-
set as well as for various subsets based on gender, VP-
S2 distance (a surrogate for height), age, and degree of
examiner confidence. Mean Absolute Deviation (MAD/
mean) and Median Absolute Deviation (MAD/median)
were calculated to assess the degree of data dispersion.
To illustrate the impact of high subject homogeneity on
ICC, the authors constructed and analyzed a hypothetical
dataset in which the examiner differences were math-
ematically identical to those seen in the actual dataset for
each of the 34 study subjects, but in which the findings
of the most-fixated segment were deliberately distributed
more evenly over the lumbar spine (Figure 5).

Results
Of 35 subjects recruited, 34 fit the inclusion criteria (19
females, 54.3%); one subject reported back pain 4/10 and
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was thus excluded. The mean age was 25.4 (s=3.4) years;
and mean VP-S2 distance was 48.1 (s=4.6) cm. The mean
pain level was 0.5 (s=0.7) on a 0-10 numeric pain scale.
The distance from S2 to the most-fixated segment ranged
from 1.0 to 15.0cm (mean=6.9cm, s=3.0), for 68 assess-
ments, 2 assessments for each of 34 participants. Among
68 assessments, in 2 cases the distance to S2 was <2 cm,
suggesting the examiner may have identified the sacrum
as the most-fixated level. Under the heuristic assumption
that this range included 5 brackets spanning L1 to L5;
and assuming an average lumbar spine length of some 20
cm?!, which corresponds to 4 cm/level; the finding of fix-
ation was usually in the lower lumbar spine with L3 being
the most commonly found most-fixated level (Figure 3).
One of the examiners did not share the conviction of the
other examiner in the utility of the palpatory procedure,
but opined that this did not impact his effort to attempt
detecting the most-fixated lumbar segment. The less con-
fident palpator scored 12/34 (35%) assessments as “not
confident” whereas the more confident palpator scored
7/34 (21%) as “not confident”. In analyzing the data, we
combined the subset in which one examiner lacked confi-
dence (n=11) with the subset in which both lacked confi-
dence (n=4), because not doing so would have left subsets
that were too small to meaningfully analyze. ICC (2,1),
MeanAED, MedianAED, MAD/mean, and MAD/median
values are reported in Table 1; and Bland-Altman LOA in

Table 1.
Data Summary — ICC, MeanAED, MAD/mean, MedianAED, MAD/Median.
All distances in cm ICC (2,1) MeanAED MAD/mean MedianAED | MAD/median
All subjects (34) 039 (0.06,0.64) 2.6 1.7 25 1.8
Both confident (19) 0.09 (-0.40,0.52) 24 1.6 2.3 1.8
>1 Ex. not confident (15) 0.51 (-0.05,0.80) 2.9 1.7 32 1.8
Males (15) 0.50 (~0.02, 0.80) 2.7 16 2.7 13
Females (19) 0.19 (-0.29, 0.58) 2.7 1.7 2.7 1.8
Shorter (17), M=44.3 0.13 (-0.40 ,0.58) 2.7 1.7 32 1.7
Taller (17), M=51.8 0.45 (0.00,0.76) 24 1.7 2.2 1.7
Younger (17), M=23 2yr 0.21 (-0.34,0.64) 24 1.8 2.1 1.6
Older (17), M=27.7yr 047 (0.03,0.76) 2.8 16 25 14

Ex=examiner; yr=years.

Abbreviations: M=Mean; MeanAED=Mean Examiner Difference; MedianAED=Median Examiner Difference;
MAD/mean=Mean Absolute Deviation; MAD/median=Median Absolute Deviation; ICC=Intraclass Correlation Coefficient;
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Table 2. For the entire dataset (n=34) the Shapiro-Wilk
statistic was used to verify normality at the 95% thresh-
old, with W=0.98. The distribution of all subsets was also
normal.

For the n=34 sample as a whole, ICC(2,1)=0.39, which
would be judged “poor” according to commonly-cited
cutoffs for qualitative ratings corresponding to ICC val-
ues.” Although ICC values in Table 1 did not suggest a
relation between examiner confidence and interexaminer
agreement; male gender, greater VP-S2 distance (i.e., be-
ing “taller”), and age (i.e., being “older”) were directly
related to higher ICC values. In the hypothetical dataset
(Figure 5) in which the examiner differences were math-
ematically identical to those seen in the actual dataset
(Figure 3), but in which the findings of the most-fixated
segment were deliberately distributed more evenly over
the lumbar spine, ICC rose from 0.39 (“poor”) to 0.70
(i.e., “good”). Therefore, ICC in this study was (mislead-
ingly) lowered by the homogeneity of the subjects, with
the most-fixated level mostly in the lower lumbar spine.

MeanAED values ranged from 2.4-2.9 cm and Medi-
anAED from 2.1 to 3.2 cm among the subsets. These val-
ues were all well under 4.0cm, the vertical height of a typ-
ical lumbar vertebra®', suggesting the examiners agreed
on average in identifying the most-fixated level, or at least
the motion segment containing it. Although for the full
dataset interexaminer agreement based on ICC calcula-

tions had been judged “poor”, the MeanAED and Medi-
anAED values of 2.6cm and 2.5cm respectively for the full
dataset suggested otherwise. Since their values increased
to 2.9cm and 3.2cm respectively if at least one examiner
lacked confidence, it may be said that less confidence
was associated with less examiner agreement. There was
higher interexaminer agreement in the younger and taller
subsets, but there was no gender effect. MAD/mean and
MAD/median, measures of data dispersion, were quite
uniform among all datasets, ranging from 1.6 to 1.8cm
for MAD/mean and 1.4 to 1.8cm for MAD/median. Since
these values were <2cm, it may be said that the variability
of interexaminer differences was low, less than half the
height of a lumbar vertebra. Stated otherwise, examiner
distances from the average most fixated level were small
and formed a tight distribution around these average exa-
miner differences (Figure 6).

The Bland-Altman Limits of Agreement (LOA) analy-
sis also suggested high interexaminer agreement on the
most-fixated level, with higher agreement (smaller LOAs
and smaller SDs) when the examiners were both confi-
dent; and also when the subjects were male, taller, and/
or younger. These findings are quite consistent with the
MeanAED and MedianAED results, save for the impact
of gender, which was negligible in these latter. For the full
dataset, the 95% LOA = —7.05, 6.05cm; SD=3.34cm;
and fixed bias = 0.50cm. Figure 4 is the Bland-Altman

Table 2.
Bland-Altman Limits of Agreement.
Sample sizes as in Table 1 95% CI 68% CI
Bias SE SD Lower limit | Higher limit | Lower limit | Higher limit

All 0.50 0.57 3.34 -7.05 6.05 -3.53 3.03
Both confident 0.30 0.73 3.19 -5.94 6.54 -2.97 327
>1 Ex. not confident 0.76 0.94 3.63 -6.35 7.87 -3.17 3.93
Male 0.41 0.86 3.34 -6.15 6.96 -3.07 3.48
Female 0.58 0.79 343 -6.14 7.30 -3.07 3.65
Shorter, M=44.3 0.07 0.87 3.59 -6.96 7.10 -3.48 3.55
Taller, M=51.8 0.94 0.76 3.13 -5.19 7.06 -2.60 3.53
Younger, M=23 2yr 0.04 0.82 3.29 -6.49 641 -3.25 3.20
Older, M=27.7yr 0.99 0.80 340 -5.68 7.66 -2.84 3.83
Abbreviations: SE=standard error of mean; Standard Deviation=SD; Cl=confidence interval
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plot and histogram of examiner differences; the scatter
plot and histogram of examiner differences demonstrat-
ed they formed a normal distribution, consistent with the
Shapiro-Wilk results. There was a trend for more confi-
dence to result in smaller SDs, reflecting greater examiner
agreement: in the n=19 subgroup when both examiners
were confident, the SD decreased from 3.34cm to 3.19¢cm,
whereas in the n=15 subgroup where one or both of the
examiners lacked confidence the SD increased to 3.63cm.
The square root of the mean squared error (MSE) yields
root-mean-square error (RMSE), another measure of exa-
miner accuracy. In this study, combined RMSE=3.3mm.

Discussion

Most MP studies asked examiners to rate each tested level
as fixated or not, then used kappa to calculate the reliabil-
ity. Although the kappa statistic is used to assess examiner
agreement reported as discrete data, the palpation find-
ings recorded as continuous data in this study were amen-
able to being analyzed using the ICC statistical function,
as well as other indices of agreement for continuous data.
Judging agreement by how near the examiners’ findings
were to one another may be a more sensitive and clinically
relevant method of determining agreement than assessing
agreement at each spinal level examined. It may capture
the essence of how MP is usually done in a typical clinical
setting: the palpator generally examines a relevant spinal
region looking for the most-fixated place(s).

Previous studies that required each rater to find the
subjects fixated or not at each spinal level put a very strin-
gent demand on the examiners, in that they were required
to identify all fixations as if they were of the same sever-
ity. When many of the subjects in a study are minimally
symptomatic, they may not have clinically relevant fix-
ations to identify in the first place. Allowing examiners
to rate their level of confidence in their findings enabled
this study to explore whether examiners’ agreement de-
pends to some extent upon their degree of confidence.
The objective of this study was to assess the interexam-
iner reliability of lumbar MP by (a) defining agreement
as relative proximity to each other’s findings as to the
most-fixated level; and (b) taking into account the exam-
iners’ confidence in their palpation findings. In an anno-
tated review of MP (1) that included 48 MP studies, only
Potter et al.** used a most-fixated segment paradigm and
continuous analysis similar to the present study, and also
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used ICC to calculate interexaminer agreement. Since
their study was an intra-examiner study and furthermore
used other findings in addition to MP to assess agree-
ment, the results cannot be compared with the results of
the present study.

According to Bruton et al.®, the physiotherapy and
medical literature alike show little consistency in the use
of reliability indices for continuous data. In a system-
atic review of the methods used to assess interexaminer
reliability in continuous measures studies, Zaki et al.**
reported that the ICC index was the most popular meth-
od used from 2007-9, with 25/42 (60%) of the included
studies having used it. In a related systematic review,
Zaki et al.® also reported that the most frequently used
index of agreement in concurrent validity studies was the
Bland-Altman LOA method, having been used in 178/210
(85%) of included studies; ICC was the 4™ most frequent-
ly used among the 5 methods tabulated, used in only 7%
of the studies. Bland and Altman themselves* took the
position that the LOA agreement method can be used for
either interexaminer reliability or inter-instrument agree-
ment studies.

Although the power analysis supported enrolling ap-
proximately 35 subjects in order to have confidence in our
reliability estimates, an even larger number would have
been required to have similar confidence in analyzing
subsets of the data that were stratified by gender, age, and
VP-S2 distance. To mitigate this effect, for the purposes of
analysis we combined the subset in which one examiner
lacked confidence (n=11) with the subset in which both
lacked confidence (n=4). When a sample size is small,
the results of the analysis can be altered considerably by
shifting a very small number of data points from one clin-
ical result to another. Walsh?’ has described a Fragility
Index: “the minimum number of patients whose status
would have to change from a nonevent to an event to turn
a statistically significant result to a nonsignificant result.”
As an example using the present study’s results, if the 2
examiners had agreed exactly on subject 13, rather than
disagreed by 7.1cm (the largest disagreement in the study
for a single data point), the ICC(2,1) value for the entire
dataset would have increased from the reported 0.39 to
0.46. This increase would have changed the interpretation
of the reliability from “poor” to “fair.” Conversely, if the
2 examiners had disagreed on subject 31 by 3.2cm (the
largest disagreement in the small subset where neither
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examiner was confident), the ICC(2,1) for this n=4 subset
would have decreased from 0.75 to 0.31, therefore from
“excellent” to “poor.”

For the n=34 full dataset, the calculated ICC(2,1)=0.39,
which would be judged “poor” according to common-
ly-cited cutoffs for qualitative ratings corresponding to
ICC values: interexaminer reliability is judged “poor” for
values less than .40, “fair” between .40 and .59, “good”
between .60 and .74, and “excellent” for values between”
775 and 1.0 (15). The fragility of the data among the sub-
sets suggests caution in interpreting these results. That
stated, the ICC calculations suggest there was higher in-
terexaminer reliability in palpating males, older subjects,
and subjects with a greater VP-S2 distance (essentially
taller subjects, since VP-S2 distance was a proxy meas-
ure for height). Interexaminer reliability was lower when
both examiners were confident compared with when at
least one lacked confidence. These ICC results differed
from those obtained in our prior thoracic motion palpation
study' in which shared examiner confidence was clear-
ly associated with increased interexaminer reliability,
and our prior cervical study' in which re-analysis of the
published data also shows higher agreement with more
examiner confidence. Since MeanAED, MedianAED,
and LOA all showed higher confidence associated with
higher examiner agreement, the authors hypothesized that
the ICC results, being the outlier among the 4 indices of
examiner agreement, were misleading.

Despite its popularity in interexaminer reliability stud-
ies, ICC suffers from the limitation that its value decreas-
es when subject variability is relatively low; i.e., the sub-
jects are relatively homogeneous.” This results from the
fact that ICC is a ratio of the variance within subjects to
the total variance (the sum of within and between subject
variance). When within subjects variance is small, ICC
levels are misleadingly low even when the examiners
tend to agree. In the present study, with a preponderance
of findings at L3 and the most-fixated level usually to-
ward the lower lumbar spine (as seen in Figure 3), ICC
values may have been diminished for reasons other than
examiner disagreement. To clarify this point, the authors
constructed a hypothetical dataset in which the examiner
differences were mathematically identical to those seen
in the actual dataset for each of the 34 study subjects, but
in which the findings of the most-fixated segment were
deliberately distributed more evenly over the lumbar

J Can Chiropr Assoc 2016; 60(2)
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spine (see Figure 5). In this hypothetical dataset, the ICC
was 0.70 (i.e., “good”) despite examiner differences be-
ing equal, subject for subject, to those seen in the more
homogeneous actual dataset (Figure 3) where ICC=0.39
(i.e., “poor”). This study’s ICC calculation inverts a situ-
ation that is frequently discussed: sometimes a finding is
found to be statistically significant, but clinically irrel-
evant. In our study, the ICC value statistically suggested
“poor” agreement, even though examiners agreed on the
most-fixated level most of the time, based on the other 3
indices of agreement used in this study.

To present the results of the present study in a more
clinically meaningful way, and to mitigate against the im-
pact of subject homogeneity, the authors also calculated
values for Mean and Median Absolute Examiner Differ-
ences, which are measures of examiner agreement that are
robust in relation to subject homogeneity. MeanAED is
the simple average of the absolute values of the examiner
differences, and MedianAED the median value of such
differences. For any given value of Mean or Median Ab-
solute Examiner Differences, the population of examiner
differences may exhibit large, modest, or low variability.
The root mean squared error (RMSE) (the square root of
the summed squared errors, divided by the sample size),
was calculated in conjunction with MeanAED and Medi-
anAED. Because RMSE, unlike these other calculations,
involves squaring errors, the level of agreement dimin-
ishes rapidly when the examiner differences are large.
Therefore it is a more conservative estimate of examiner
agreement. The more similar the examiners’ ratings, the
more RMSE approaches MeanAED and MedianAED. In
the present study the RMSE of 3.3cm, corresponding to
83% of a thoracic spinal level, is thus a more conservative
estimate of examiner agreement than the MeanAED of
2.6cm and the MedianAED of 2.5cm.

Mean/MAD and Median/MAD were calculated to de-
termine the dispersion of examiner differences. Calcu-
lating MAD/mean involves (a) calculating the mean of
absolute examiner differences, (b) subtracting this value
from each difference and converting to an absolute value;
and (c) calculating the mean of this derived set of values.
Calculating MAD/median® involves (a) identifying the
median value of absolute examiner differences, (b) sub-
tracting this value from each difference and converting
to an absolute value; and (c) calculating the median of
this derived set of values. Since Mean/MAD and Median/
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MAD values are in the same units as those of the vari-
ables being characterized, their values can be very easily
understood relative to the clinical situation at hand.

Measures of dispersion tell us how spread out the data
values are. The simplest measure of dispersion is range
(the difference between the maximum and minimum
values), but it is very impacted by extreme minimum or
maximum values. Consequently, range is not robust to
outliers. SD and variance, although very widely used, are
not robust either, since a data point very distant from the
others can substantially increase their values. The MAD/
mean function is less sensitive to outliers, and MAD/
median is not sensitive at all. Median is preferred to
mean calculations®*" because median analysis (a) is less
sensitive to outliers at the far left and right tails of the
distribution of examiner differences; and (b) it facilitates
the detection and exclusion of such outliers (depending
on a subjective judgment for threshold). Unlike the other
measures of dispersion, the value of MAD/median has
not already been altered by these outliers at the extremes
of the distribution. In the present study, using the “con-
servative” threshold of 3 (meaning data points larger than
the median + 3* MADe/median be removed) or even the
“poorly conservative” threshold of 2 (30), no data points
qualified as outliers.

For the total dataset, MeanAED and MedianAED were
2.6 and 2.5cm respectively (in a normal distribution, the
mean and median tend to be close), corresponding to about
65% of one lumbar level, given the length of an average
lumbar vertebra is 4cm.*' The fact that these values in-
creased to about 3.0cm when at least one examiner was
not confident suggests that examiner confidence tended to
increase reliability. This was in spite of the fact that ICC
calculations had not demonstrated that effect, presumably
due to subject homogeneity. With MedianAED for the full
dataset=2.5cm and MAD/median=1.8cm, it may be de-
duced that 50% of examiner differences were <1.8cm dis-
tant from 2.5cm. Figure 6 represents these relationships.
It shows that the overall range of examiner differences
was 0.0-7.1cm, and that the MedianAED was 2.5cm. It
also shows that that 50% of examiner differences were
0.75-4.25cm; and that 79.4% of examiner differences
were below 4.25cm, which is only slightly greater than
the average lumbar vertebral height of 4.0cm.

The Bland-Altman calculation of limits of agreement
(LOA)*7! is yet another measure of examiner agreement
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that, like mean and median analysis, is not impacted by
subject homogeneity. LOA plots per-subject examiner
differences vs. examiner means. A horizontal line is added
to reflect fixed bias (intersecting the Y axis at the Grand
Mean of examiner differences). Two more horizontal lines
are added to show 95% confidence intervals (1.96*SD of
examiner differences). LOA analysis depends on the as-
sumption of a constant mean and SD throughout the range
of measurements, and a normal distribution of examiner
differences. Inspection of the scatter plot and histogram
of examiner differences validated these assumptions for
this study’s data. Since the LOA are derived after having
squared examiner differences, they will generally suggest
lower levels of examiner agreement then absolute indi-
ces of agreement, which do not involve squaring differ-
ences; they are thus more conservative. Like these other
absolute indices, the LOA are in the same units as the
variables being measured, and are thus can be easily inter-
preted in clinical terms. In this study, for the full dataset,
the LOA = -7.05, 6.05 cm, with SD=3.34cm. This may
be interpreted as follows: 68% of examiners’ findings for
the most-fixated segment were <3.34cm apart, which is
equivalent to 83.5% of the height of one lumbar verte-
bra. Thus the examiners had a 68% chance of agreeing
on the most-fixated level, or at least the motion segment
(consisting of 2 vertebra) including it. They had a 95%
chance of being < 6.68cm apart, equivalent to 1.67 verte-
bral heights, equivalent to agreeing at least on the motion
segment that included the most-fixated level. Among the
subsets analyzed, the most important observation was that
higher examiner confidence was associated with greater
interexaminer reliability, consistent with the mean and
median analyses, but not the ICC results.

It is instructive to relate these findings to the practice
of motion palpation. In all likelihood abject segmental
specificity on a putative site of care is not required, since
an intervention would generally address a motion seg-
ment consisting of 2 vertebrae. Christensen® considered
motion palpators to agree when their findings were + 1
spinal segment; as did Harlick® in a study of the accuracy
of static spinal palpation. More likely than not, the exa-
miners in this study identified the same or adjacent ver-
tebrae as the most-fixated. To take the reasoning one step
further, an adjacent vertebra is itself included within yet
another motion segment, so addressing a given vertebra
will have an impact not only on the 2 immediate neigh-
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Figure 7.

Spinal interventions perpetrate primary, secondary and
tertiary spheres of influence. Largest impact is on the
primary contacted vertebra, with smaller impacts on the
secondary adjacent vertebra, and tertiary impact on the
twice-removed segments.

boring vertebrae, but on 2 other vertebrae once removed
from the given motion segment, most likely a smaller
(damped) impact. Figure 7 models the impact of an inter-
vention on a single vertebra. The intervention’s largest
sphere of influence is hypothetically on the immediately
adjacent vertebrae, with a smaller sphere of influence on
those once-removed.

For MP to be clinically useful, it must not only be found
reliable but also valid. Few studies have reported on the
content validity (i.e., have defined a reference standard)
for motion palpation. Najm* found only 5 that satisfied
the inclusion criteria in a 2003 systematic review showing
equivocal validity. In 3 of the studies the palpators exam-
ined a mannequin which featured variable and control-
lable segmental stiffness; the other 2 studies used pain as
a reference standard. At least one additional study could
have been included, in which masked palpators exam-
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ining the sacroiliac joint were unable to identify known
cases of ankylosing spondylitis as fixated.*> Another study
was published at a later date*, in which masked palpators
were able to detect fixation at congenital block vertebrae.
The relevance of using mannequins to simulate in vivo
spinal stiffness remains to be seen, and the presence of
pain at spinal segments is at best a surrogate measure for
spinal stiffness. On the other hand, deploying subjects
with acquired or congenital joint fusions comprises an
excellent vehicle for studying the content validity of MP.

Study limitations

Since the integrity of reliability studies depends on the
independence of the examiners’ observations, there is al-
ways a risk that the first palpatory procedure is to some
degree a clinical intervention, enough so to impact upon
the second palpatory procedure. Allowing at least 5 min-
utes to elapse between observations, and alternating the
order of examiners, was expected to ensure as much as
possible the independence of observations and reduce the
risk of fixed bias. This study did not include an intra-exa-
miner reliability module. The sample size was under-
powered for the analysis of subgroups. A power analysis
was performed to justify the sample size for ICC analy-
sis, but not for LOA analysis. This reinforces the need
for a priori sample size estimates for all possible between
group comparisons and not just on the main question. The
appropriate sample size for LOA analysis depends on the
accuracy sought for the 95% confidence intervals around
the limits, which is given by the formula +/- 1.96 root(3/n)
s (where s is the SD of the differences between measure-
ments, and n = sample size) (38). In our study, the 95%
confidence interval around the limits was approximately
+2cm; this would most likely be judged relatively large
by Bland, who suggests a sample size of 100 to achieve
a tighter confidence interval around the limits.?” The sub-
jects were relatively homogeneous in the levels most
commonly found the most-fixated, depressing ICC val-
ues, but not the other measures of interexaminer agree-
ment (MeanAED, MedianAED, and LOA). The fact that
examiner 1 did not share the conviction examiner 2 had in
the palpatory procedure may have impacted the analysis
of confidence. Lack of confidence in an examiner’s rating
of the most-fixated motion segment might have resulted
from either not finding any motion segment significantly
fixated, or alternatively due to having found multiple seg-
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ments significantly but indistinguishably fixated. Subjects
were palpated unilaterally, left side up only. The subjects
in the study were relatively young and healthy; the results
obtained may have been different in another study popu-
lation with different characteristics.

Conclusions

Although subject homogeneity in this study, with most
fixations detected in the lower lumbar spine, apparently
depressed the ICC index of interexaminer agreement, the
other 3 indices used in this study did in fact suggest the
examiners on average tended to identify the same verte-
bral level or motion segment as the most-fixated. These
more robust measures suggested examiner confidence,
and to a lesser extent subject demographic factors, im-
pacted on examiner agreement. Using a continuous meas-
ures methodology may be more practical for detecting
examiner agreement than using level-by-level discrete
analysis. The authors would suggest the most-fixated
level paradigm best captures the operational definition of
motion palpation as it is usually done, and is thus more
clinically relevant than level-by-level analysis of agree-
ment. Our results raise the possibility that the present
inventory of reliability studies performed in the manual
therapy professions, by having used mostly discrete study
designs (certainly for MP) may have underestimated
clinically relevant examiner agreement, thereby unduly
discouraging further research and clinician interest in
such research. Moreover, depending solely on ICC cal-
culations to assess interexaminer agreement may result
in flawed conclusions, when the subject population is
relatively homogeneous. Greater reliance on variance-in-
sensitive statistical functions would mitigate against that
possibility. Future studies designed to analyze subsets of
the data should use enough subjects to result in credible
conclusions.
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