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Abstract
Background: The study purposes were to investigate the level of agreement of palpation of
lumbar spinous processes between examiners, test-retest repeatability of lumbar spine range of
motion, and the reliability of upright position measures in asymptomatic subjects.

Methods: The modified CA 6000 spinal motion apparatus with a new skin fixation system was
used by three operators for the test-retest spine measurements (3 days apart), and to obtain
measures at one session of spinal position. Mean ranges of motion in all planes for 22 asymptomatic
subjects were reported using the Intra-class Correlation Coefficient.

Results: Overall, differences in palpation agreement for lumbar segments occurred in three
subjects and did not affect range of motion values. For upright spinal position, ICC (2,3) values for
sagittal, coronal, and horizontal plane positions were 0.96, 0.80, and 0.98 respectively. There were
statistically significant differences between examiners for position values, determined by the
Bonferroni t-test (p < 0.05), but the magnitude of the differences were 2 degrees or less, and not
considered clinically important.

Conclusion: Results suggest that lumbar spinal motion measurements and position determination
between different operators can be consistent particularly if utilizing the modified instrument. Static
lumbar position also appears to be recorded reliably between different operators. Results justify
progression to multi-center lumbar research using the modified CA 6000 and the work is
considered relevant to medical clinicians working with spinal dysfunction, surgical interventions, or
occupational health.

Background
Previous work on the development of a new form of skin
fixation for use with the CA 6000 has been fully described
[1]. The reliability and repeatability of the CA 6000 meas-
ures produced with the new fixation system have also

been reported for the lumbar and thoracic spinal regions
[2,3]. Validity of measures was reported [4] and a norma-
tive database for lumbar spinal motion was introduced
[5] and subsequently published in full [6]. The develop-
ment of the skin fixation system for the CA 6000 has pro-
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vided clinicians and researchers with the opportunity to
measure spinal movement reliably and validly with 6
degrees of freedom. Inter-rater reliability using multiple
investigators performing individual palpation with skin
fixation has not yet been assessed with the modified
instrument. The previous intra/inter-rater reliability work
[2,3], which involved standardized palpation by one
examiner, was focused on establishing the instrument's
repeatability when operated by different clinicians.

Recruitment of large numbers of subjects in a timely man-
ner at multiple sites can be problematic in research. This
present study, using the new skin fixation system with the
CA 6000 instrument and 3 separate operators performing
independent spinal palpation, was considered a poten-
tially useful precursor to a multi-center approach towards
research in spinal dysfunction.

The purposes of this study were: 1) to investigate the level
of agreement of lumbar spine palpation between 3 sepa-
rate examiners; 2) to determine the repeatability of meas-
ures of lumbar spinal range of motion by 3 examiners
over 3 days; and 3) to determine the reliability of meas-
ures of upright lumbar position by 3 examiners.

Methods
Twenty-two volunteer subjects were recruited (9 female
and 13 male) to participate. Age, height and weight
ranges, means and standard deviations were as follows:
age range 22–38 yrs, mean 26.73 yrs, SD 4.58; height
range 1.54–1.89 m, mean 1.73 m, SD 0.094; and weight
range 56.25–107.5 kg, mean 74.06 kg, SD 14.66. All sub-
jects were asymptomatic at the time of testing, which was
defined as follows: no history of low back pain within the
last 3 months; no history of recent trauma to the lumbar
spine; no history of pathology of the lumbar spine (e.g.
scoliosis, spondylolisthesis, herniated disc, degenerative
joint disease). All subjects read and signed an informed
consent form approved by the Institutional Review Board
at Rosalind Franklin University. All three of the operators
were experienced with the instrument from previous
research. Two of the operators, B and C (CP and DS,
respectively) were inexperienced in the use of the new skin
fixation system developed by the third operator, A (MT).
Operators B and C were trained by operator A prior to data
collection. Each operator instructed, palpated and meas-
ured each subject separately and independently. A ran-
domly repeated order of the 3 operators was used
throughout the study. All subjects had read and signed
informed consent forms.

On the first measurement day, each subject was asked to
assume a side lying position on a plinth with their back
facing away from the operator. The lumbar spine was pal-
pated by the first operator to locate the L4–5 interspace,

marked and cross-checked against the level of the upper-
most iliac crest. The spinous process of S2 was identified
followed by the spinous process of T12 which was pal-
pated cephalad to the T12–L1 interspace and marked with
a specific color by each operator. Palpation of the twelfth
rib was also used to recheck the position of the T12
spinous process. Operators were not influenced by the
marks of the other operators because the dorsal surface of
the lumbar area of each of the subjects faced away from
the operator during initial palpation and identification of
vertebral levels. Once marked with the subject facing away
in side lying, operators were not permitted to amend their
vertebral level markings.

Each subject then adopted approximately 50% of their
flexion range of motion to provide a degree of skin ten-
sion over the marks. The operator applied the fixation
pads over their own T12 and S2 markings. The UK manu-
factured skin fixation system was brought to the US for the
purposes of this study (see Figure 1). Each operator was
able to see the previous operator's marks in standing. At
this point in the study, the palpation markings had not
been compared or validated and so each operator was
instructed to ignore those markings and to place the fixa-
tion pads only over their own markings. Each subject then
stood facing the wall in their neutral standing posture. A

Subject with new skin pad fixation system and OSI CA 6000 Spine Motion Analyzer linkageFigure 1
Subject with new skin pad fixation system and OSI CA 6000 
Spine Motion Analyzer linkage.
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marker was applied to the same wall directly in front of
each subject, adjusted to each subject's eye height level to
provide a visual target to assist the subject in determining
the starting position for the range of motion measures.

The CA 6000 instrument was interfaced with a standard
PC utilizing CA 6000 software (Orthopedic Systems, Inc.,
30031 Ahern Avenue, Union City, CA 94587). The instru-
ment linkage was secured onto the pad hooks. Each sub-
ject was instructed separately by each individual operator,
(a randomly repeated order of the 3 operators was used
throughout the study for each subject), and initially sub-
jects were asked to carry out five familiarization/warm-up
movements into full flexion then full extension, returning
to the standardized start position. The instrument settings
were zeroed on the computer. Each subject was asked to
move on command into maximum lumbar flexion and
extension. The movements were repeated 3 times and the
data were then saved.

Each subject was asked to resume the start position, and
to carry out five familiarization/warm-up movements,
maximally into right lateral flexion, then maximally into
left lateral flexion, returning to the start position. The
instrument settings were zeroed on the computer. Each
subject was asked to move on command into maximum
lumbar right and left lateral flexion. The movements were
repeated 3 times and the data saved.

Each subject resumed the start position and was asked to
cross their arms placing their hands on the contra-lateral
shoulder. Five familiarization/warm-up movements were
carried out into full right axial rotation, and full left axial
rotation, returning to the start position. Each subject was
instructed to lead the rotation with their head, maintain-
ing a horizontal arc of vision, rotating the thoracic and
cervical spines at will in order to achieve maximum lum-
bar axial rotation. The instrument settings were zeroed on
the computer. Each subject was then asked to move on
command into maximum lumbar right and left rotation.
The movements were repeated 3 times and the data was
saved.

Each subject was then asked to assume their neutral stand-
ing posture. After verbal confirmation that they were
indeed in their neutral standing posture, the CA-6000
instrument settings were zeroed on the computer. While
standing quietly in the upright position, a baseline meas-
urement was taken for the position of the lumbar spine in
each of the 3 cardinal planes. Each subject was then asked
to perform complete maximum motion of the lumbar
spine once in each cardinal plane, and return to their neu-
tral standing posture. A second upright position reading
was taken. Each subject then repeated the same motions,
and a third upright position reading was taken. The 3

upright position readings for each subject were saved. This
entire procedure was then repeated for each subject by
each of the two remaining examiners independently.

On completion of all measurements by all three operators
on the first day, the pen marks were reinforced if required
and surgical tape was applied over the marks to preserve
them for the next session some days later. Palpation was
not therefore repeated on the two subsequent testing ses-
sions. Each subject was scheduled as was practicable at the
same time each day for two additional testing sessions to
minimize diurnal effects. For the remainder of the study,
the complete set of motion measurements in flexion/
extension, lateral flexion, and axial rotation were ran-
domly repeated by each operator independently.

All range of motion data were subsequently collated and
statistically analyzed using SPSS (SPSS Inc., 233 South
Wacker Drive, 11th Floor, Chicago, IL 60606) 8.0 statisti-
cal computer software package. Analyses of variance were
calculated from the individual data across each subject
and for each operator. Two-way analysis of variance was
utilized, leading to the calculation of ICCs, type 2,3 for
inter-operator and type 3,3 for intra-operator [7,8]. The
results were analyzed separately in order to establish the
reliability and repeatability for all the operators independ-
ently, and then combined. Static lumbar position meas-
ures were recorded as components of the upright posture
in the 3 cardinal planes, with ANOVA determination
using the GBStat program (version 6.5). ICCs type 2,3
were calculated [8]. Standard error of measurement (SEM)
and variable error were also calculated for each subject.
Variable error reflects the variability in subject perform-
ance around their mean response [9].

Results
Palpation results for 19 of the 22 subjects (86.4%)
showed substantial agreement, with no observable differ-
ences (complete overlap) of the blinded markings for the
T12 and S2 vertebral levels. Data from three subjects
(13.6%) indicated palpation differences for the T12
spinous process position. Differences of 2, 5, and 18 mm
were found for the three subjects, respectively. These dif-
ferences were between 2 operators for three male subjects.

Separate Excel spreadsheets were compiled for each oper-
ator's range of motion results. Mean ranges of motion and
standard deviations were calculated for each of the pri-
mary motions and are summarized in Table 1. Compari-
son with the asymptomatic male and female age-related
normative database [6] suggested that all subjects
achieved ranges of motion which might be expected of
80% of the age-related general population. The difference
in mean measured ROM between all three operators for
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all primary motions was found to be less than 1 degree on
all occasions.

Means and standard deviations of ROM values were calcu-
lated for all 3 operators across all three days for all sub-
jects. These values are summarized in Table 2. Intra-
operator ICC (3,3) were calculated for the 3 operators and
are summarized in Table 3 and inter-operator ICC (2,3)
are summarized in Table 4. A reliability coefficient of
between 0.41 and 0.60 is characterized as 'moderate',
between 0.61 and 0.80 is characterized as 'substantial' and
an ICC of 0.81 or above as 'almost perfect [7].' All but one
of the ICCs obtained from this study were either in the
'substantial' or 'almost perfect' categories.

Values were recorded for the position of the lumbar spine
in each of the 3 cardinal planes. Mean values were calcu-
lated for each operator and are summarized in Table 5. A
negative value in the coronal or horizontal plane indicates
a position to the left of midline. A positive value indicates
a position to the right of midline. Standard error of mean
(SEM) values are recorded in Table 6, and values for vari-
able error are recorded in Table 7. Mean variable error val-
ues were all less than 2.5 degrees. ICC (2,3) for sagittal,
coronal and horizontal plane positions were 0.96, 0.80,
and 0.98, respectively. Statistically significant differences
between examiners for various position values were deter-
mined by the Bonferroni t-test (p < 0.05). The actual mag-
nitudes of the differences were approximately 2 degrees or

less, which the authors considered to be clinically non-sig-
nificant.

Discussion
Two of the purposes of this study were to investigate the
levels of agreement of independent palpation, and meas-
urement of spinal motion between 3 separate operators
using the modified CA 6000 spinal motion analysis sys-
tem. Overall, the 'substantial' to 'almost perfect' inter-
operator ICC levels achieved within this study are
expected to facilitate future multi-center research. Previ-
ous work that had been carried out to ensure methodolog-
ical precision [2,3] regarding palpation procedures, skin
fixation pad placement, warm-up/familiarization move-
ments and a standardized neutral starting position, were
all part of the methodology of this multi-rater study, and
may have contributed to the levels of agreement achieved
by the operators in this particular investigation. In
acknowledging some limitations within this present
study, the results were necessarily generated with a con-
venience sample of volunteer subjects. The high level of
agreement in palpation could also have been facilitated by
the fact that all the subjects were within normal ranges for
body mass index and most were either of mesomorphic or
towards ectomorphic somatotyping. Spinal palpation,
and therefore accuracy, can be less problematic with such
subjects than with those of endomorphic body type or
who are of higher body mass index. However, in order to
minimize the potential risk of error, it is suggested that
rigorous standardization of landmark location and palpa-

Table 4: Inter-operator Intra-class Correlation Coefficients for 
all operators over all 3 days

Movement ICC (2,3)

Sagittal (Flex/Ext) 0.82/0.73
Coronal (R/L) 0.71/0.82
Horizontal (R/L) 0.71/0.76

Table 2: Lumbar spinal mean ranges of motion for all subjects 
measured by all operators on all days

Movement Mean ROM (degrees) Confidence Interval

Sagittal 90.3 (89.9, 90.7)
Coronal 54.4 (53.9, 54.9)
Horizontal 14.6 (14.3, 14.9)

Table 1: Lumbar spinal mean ranges of motion by operator over 
all 3 days

Operator Movement Mean ROM (degrees) Confidence Interval

A Sagittal 89.9 (89.6, 90.2)
Coronal 54.0 (53.7, 54.3)
Horizontal 14.4 (14.2, 14.6)

B Sagittal 90.6 (90.2, 91.0)
Coronal 54.3 (53.7, 54.9)
Horizontal 14.8 (14.5, 15.1)

C Sagittal 90.5 (90.0, 91.0)
Coronal 54.9 (54.5, 55.3)
Horizontal 14.4 (14.1, 14.7)

Table 3: Intra-operator Intra-class Correlation Coefficients by 
operator over all 3 days

Operator Movement ICC (3,3)

A Sagittal (Flex/Ext) 0.81/0.94
Coronal (R/L) 0.86/0.95
Horizontal (R/L) 0.86/0.63

B Sagittal (Flex/Ext) 0.98/0.86
Coronal (R/L) 0.81/0.57
Horizontal (R/L) 0.83/0.71

C Sagittal (Flex/Ext) 0.99/0.80
Coronal (R/L) 0.87/0.78
Horizontal (R/L) 0.72/0.92
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tion protocols, as well as data collection procedures,
should be incorporated routinely into future inter-rater
studies. The results obtained here suggest that the modi-
fied instrument may be an appropriate means to test
future methodologies when relating palpation accuracy to
ROMs achieved.

Within the available timescale, it was found impossible to
blind each operator to the other operator's markings. The
initial marks made by each operator to determine verte-
bral location were determined without visualization of
the other operator's marks as the spine was palpated with
the subject's back facing away from the operator. Each
operator utilized his/her own color coded markings for
placement of the OSI apparatus. This methodology was
considered the most practical and also ensured that each
operator placed the fixation pads for CA 6000 linkage
attachment at the same place on each subsequent day of
testing. Data from only three subjects indicated palpation
differences among the three operators. The 2, 5, and 18
mm variability in palpation marker placement found
between 2 operators in this study is similar to the variabil-
ity of 10.9 to 17 mm differences between 3 pairs of
manipulative physiotherapists in a study by Downey et al.
[10]. Our findings were similar for the 18 mm and much
less for the two other error measurements in this other
study [10]. Windows representing the size of the particu-
lar spinous process were placed over the therapist's tran-
scribed marks in the Downey et al. study [10]. A weighted
kappa coefficient was used to determine the extent of

agreement (0.92) between the pairs of therapists in
Downey et al. [10], representing almost perfect agree-
ment. As two of the error findings in our study were less
than the Downey et al. [10] findings and the third was
very similar, this present study suggests good inter-thera-
pist segment palpation reliability. These differences
seemed to have little effect on the resulting ROM measure-
ments. Error is an important palpation consideration, but
the results of this study suggest that when palpation is car-
ried out by competent clinicians with good anatomical
knowledge in combination with a validated instrument
and standardized procedures for measurement, a minimal
amount of specialized training between operators can be
effective.

The third goal of this study was to examine the reliability
of upright lumbar measures attained by each subject. The
results are similar to those reported by Feipel et al. [11]
utilizing the same OSI CA 6000 system, but with the
standard strap fixation. Feipel et al. [11] also utilized a dif-
ferent testing procedure (sitting on a rocker board) with
guidance given to each subject to a specific point in the
range of motion. It might be inferred that a level of passive
input from the operators in the Feipel et al. [11] study may
have influenced subject positioning. By contrast, the sub-
jects in this present study utilized upright standing pos-
ture, and were only given the command to attain or return
to that upright standing posture without any other opera-
tor influence. Overall, our subjects were consistent in their
attainment of the upright position of the lumbar spine
with all 3 operators. The slight variation which occurred
in the examiner palpation and placement of the hook
bases at T12 had no apparent influence on these results.

Conclusion
Our results suggest that palpation, measurement of spinal
motion, and measures of upright lumbar spinal position,
between different operators, can be consistent across sub-
jects. Previous work to ensure methodological precision
with the use of specific palpation techniques with the skin
fixation pads using the modified CA 6000 spinal motion
analysis system is expected to facilitate future multi-center
research. The work is considered relevant to medical clini-
cians working in the fields of spinal dysfunction, surgical
interventions, or occupational health. We suggest that any

Table 7: Lumbar position variable error for all trials for all 
subjects by operator

Operator Sagittal (range) 
(degrees)

Coronal (range) 
(degrees)

Horizontal (range) 
(degrees)

A 1.6 (0.3–3.8) 1.3 (0.3–3.4) 1.8 (0.2–3.6)
B 1.8 (0.4–4.2) 1.4 (0.1–4.4) 1.8 (0.4–3.6)
C 2.4 (0.0–5.1) 1.2 (0.4–3.3) 1.6 (0.3–3.8)

Table 5: Mean lumbar position values (sd) for all trials for all 
subjects by operator

Operator Sagittal* 
(degrees)

Coronal** 
(degrees)

Horizontal*** 
(degrees)

A 24.8 (7.2) 0.9 (2.8) -2.3 (4.4)
B 25.4 (8.0) 3.3 (2.2) -1.2 (3.8)
C 26.8 (7.6) 1.2 (3.9) -2.8 (4.1)

* Positive value indicates position of extension; negative value 
indicates position of flexion.
** Positive value indicates position of right lateral flexion; negative 
value indicates position of left lateral flexion.
*** Positive value indicates position of right axial rotation; negative 
value indicates position of left axial rotation.

Table 6: Lumbar position standard error of measurement for all 
trials for all subjects by operator

Operator Sagittal 
(degrees)

Coronal 
(degrees)

Horizontal 
(degrees)

A 1.4 1.2 0.6
B 1.6 1.0 0.6
C 1.5 1.0 0.6
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similar multi-center research should utilize a validated
instrument and follow rigorous standardization of all
aspects of the methodology employed, to ensure multi-
rater reliability and repeatability throughout.
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