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ABSTRACT.

Objective. The Bath Ankylosing Spondylitis Metrology Index (BASMI) is an index comprising 5
measures of spinal and hip mobility in AS that has been primarily validated in the setting of a phys-
iotherapeutic intervention and has not been validated in relation to functional outcomes. Our aim was
to validate the BASMI and its individual components in relation to a validated functional index, the
Bath AS Functional Index (BASFI), and to assess its responsiveness in patients with AS receiving
60 or 10 mg pamidronate monthly for 6 months in a double blind, randomized, controlled trial.
Methods. AS patients were assessed with the BASMI and BASFI at baseline and 6 months. Two ver-
sions of the BASMI were evaluated: the original scoring was based on a 0-2 score for each meas-
ure, while a newer version scores each measure on a 0-10 scale. Paired t tests, effect sizes (ES; mean
difference divided by baseline standard deviation), and standardized response means (SRM; mean
difference divided by standard deviation of the difference) were used to assess responsiveness. A
value > 0.5 was considered to reflect good responsiveness. Responsiveness was also examined by
linear regression analysis adjusting for age, sex, disease duration, and baseline Bath AS Disease
Activity Index (BASDAI) and BASFI. The contribution of the BASMI to the variance in the BASFI
was assessed by hierarchical linear regression analysis, independent variables being entered in the
following order: (1) age, sex, disease duration; (2) drug dose group; (3) baseline or change in the
BASDALI and (4) change in the BASMI. Pearson correlation coefficient analysis was also performed
to examine the contribution of individual measures of the BASMI. A value > 0.6 was defined as
indicative of a good correlation.

Results. Seventy AS patients completed 6 months of therapy [81% male, mean age 40.3 yrs (SD 9.7),
disease duration 15 yrs (SD 9.5)]. The responsiveness of the BASMI was poor regardless of which
version of the BASMI was used (ES = 0.26, SRM = 0.47 for the 60 mg dose group and using a 0—10
scoring system). Examination of the responsiveness of the individual components of the BASMI
revealed significance for lumbar side flexion in the 60 mg dosing group (ES = 0.4, SRM = 0.43; p
= 0.01) using the newer version of the BASMI (0-10 scoring) that was of similar responsiveness to
the entire BASMI. Linear regression analysis showed no significant effects of age, sex, disease dura-
tion, baseline BASFI and BASDALI, or drug dose group on BASMI change scored using a 0-2 grad-
ing, but drug dose group had a significant effect on BASMI change scored using a 0-10 grading (p
= 0.04). The correlation between changes in the BASMI and the BASFI was low, although signifi-
cant when either version of the BASMI was examined (0.44 and 0.46 for the 02 and 0-10 scoring
systems, respectively; p < 0.001). Of the individual components of the BASMI, a significant asso-
ciation was observed between changes in either cervical rotation or lumbar side flexion and changes
in the BASFI (0.44 and 0.37, respectively; p < 0.01). After adjusting for age, sex, disease duration,
the baseline BASDAI, and drug dose group, the BASMI added significantly to the variance in the
BASFI (p < 0.001), but this was no longer significant once change in the BASDAI was added to the
regression model.

Conclusion. Responsiveness of the BASMI was poor with either scoring system. Lumbar side flex-
ion was the most responsive of the BASMI components. Changes in the BASMI and its individual
components did not correlate well with changes in functional outcomes. (J Rheumatol
2004;31:2422-8)
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Measurement of spinal mobility has been proposed both for
clinical record keeping in the routine followup of patients with
ankylosing spondylitis (AS) and for the assessment of disease-
controlling therapies for AS by the Assessments in AS
Working Group (ASAS)!. Further, the spinal mobility domain
together with acute phase reactants have been proposed as the
2 domains that distinguish the criteria for disease-controlling
from symptom-modifying therapies. Yet comparatively few
studies have validated the various spinal mobility measures
reported in the literature according to the recommendations of
the OMERACT filter (truth, feasibility, discrimination)?, par-
ticularly in response to pharmacological interventions.
Discrimination between disease states is a function of both
reproducibility and responsiveness to change. Although sever-
al reports have examined the reliability of measures of spinal
mobility, further studies are required to determine which meas-
ures are most responsive to change.

The Bath AS Metrology Index (BASMI) is a validated
composite index of spinal and hip mobility comprising
measures of cervical rotation, tragus-to-wall distance, lum-
bar spinal forward and side flexion, and hip abduction?.
Intra- and interobserver reliability was noted to be high (>
0.95) for all the items of this index in both the original report
from Bath as well as our own evaluation of this instrument?.
Responsiveness was initially assessed in inpatients with AS
attending a 3-week physiotherapy program?, and since then
it has been employed in 2 controlled trials evaluating inflix-
imab in spondyloarthritis>-. Significant change in the inflix-
imab active treatment group was evident in one trial
enrolling 70 patients with AS as early as 2 weeks into the
study5, while in the second infliximab trial, which enrolled
40 patients with a variety of spondyloarthropathies, no sig-
nificant change was noted in the active treatment group over
the course of the 12-week study®. The experience with this
index in the assessment of pharmacological therapies is,
therefore, somewhat limited.

Some of the measures making up the index might be
expected to have limited sensitivity to change. These
include tragus-to-wall distance, which may strongly reflect
irreversible structural damage, and the modified Schober
test, which has shown limited sensitivity to change in stud-
ies of physiotherapeutic interventions’. In addition, intra-
and interobserver reproducibility has been modest when the
modified Schober test has been examined at different cen-
ters, further compromising its sensitivity to change®.
Responsiveness may be further limited by the use of a grad-
ed scoring system for measures making up the BASMI
index rather than absolute values. The original version of the
BASMI proposed a 0-2 grading system while a subsequent
report described a 010 grading system>?. Nevertheless, the
ASAS has recommended the measurement of occiput-to-
wall distance and the modified Schober test and chest
expansion as the specific instruments that should be used to
assess spinal mobility!.

The BASMI was included as one of the secondary out-
comes in a recent double blind, randomized, controlled,
dose-response evaluation of a bisphosphonate, pamidronate,
in patients with AS refractory to nonsteroidal antiiflamma-
tory drugs!'?. In the latter study, patients with AS were ran-
domized to receive either 60 or 10 mg pamidronate by
monthly intravenous infusion for 6 months. Primary and
secondary outcomes were assessed at baseline, 3 months,
and 6 months. At 6 months, the mean Bath AS Disease
Activity Index (BASDAI) had decreased significantly by
34.5% in the 60 mg group as compared to 15% in the 10 mg
group, although there was no effect of treatment on periph-
eral pain (item 3 of the BASDAI) and on acute phase reac-
tants. Significantly greater reductions were also noted in the
60 mg group for the Bath AS Functional Index (BASFI) and
the BASMI. One objective of this study was, therefore, to
assess the responsiveness of the BASMI index. A second
objective was to examine the responsiveness of individual
measures of the BASMI index to facilitate the development
of a more responsive measure of spinal mobility. A third
objective was to examine the extent to which change in the
BASMI is associated with change in function as measured
by a validated instrument, the BASFI. The clinical relevance
of a metrology index whose variance has a poor correlation
with functional change could be open to question.

MATERIALS AND METHODS

Patients. The patient sample consisted of 70 individuals with AS (81%
male) with complete BASMI and BASFI data at baseline and 6 months of
pamidronate therapy. This was a randomized, double blinded study in
which patients were randomized to receive either 60 mg or 10 mg of
pamidronate given intravenously on a monthly basis for 6 months!0. Thirty-
six received 60 mg and 34 received 10 mg pamidronate. The mean age was
40.3 years (SD 9.7) and disease duration was 15 years (SD 9.5).

Outcome assessments. Each of the measures of the BASMI were coded in
2 ways based on the original and a subsequently newer version of the scor-
ing system described by Jenkins, et al>°. In the original version of the
BASMI?, each measure was scored on a scale of zero (mild) to 2 (severe),
giving a total score from 0 to 10. In the subsequent version of the BASMI®,
each measure was scored on a score of zero (mild) to 10 (severe), giving a
total score of 100 from which a mean score of 0—10 was calculated.

Statistics. Descriptive statistics (mean, standard deviation, minimum and
maximum, and box plot distribution with 25th and 75th centiles) for each
parameter of the BASMI were calculated. The significance of changes from
baseline in each measure was assessed by the paired t test. Responsiveness
of each measure was determined by calculating both the effect size (ES)
and the standardized response mean (SRM). The ES was calculated as the
mean difference from baseline to 6 months divided by the standard devia-
tion at baseline!’'213, The SRM was calculated as the mean difference
from baseline to 6 months divided by the standard deviation of the differ-
ence. T tests for independent means and chi-square analysis were used to
test for baseline differences between the 2 drug dose groups. Linear regres-
sion analysis was used to test for the effects of baseline variables on change
in the BASMI. Age, sex, disease duration, baseline BASFI, baseline BAS-
DAI and drug dose group were simultaneously entered as independent
variables and BASMI change was entered as the dependent variable.

The correlation between changes in the BASFI and changes in either
the BASMI or its individual components was calculated using the Pearson
correlation coefficient (PCC; 2-tailed test). The contribution of the BASMI
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and its individual components to the variance in the BASFI was also
assessed by hierarchical (sequential) linear regression analysis, a technique
used to order the entry of independent variables based on the purpose and
logic of the research!. The incremental proportion of variance in the
dependent variable (R? change) is accounted for by a given independent
variable or set of independent variables, beyond what has been accounted
for by prior sets. We tested if the BASMI change (0—6 months) would sig-
nificantly explain the BASFI change (0—6 months) beyond that accounted
for by age, sex, disease duration, drug dose group, and both the baseline
and the change in the BASDAI. We entered the baseline BASDAI and the
change in the BASDAI in 2 separate regression analyses. The order of entry
of the independent variables was: (1) age, sex, and disease duration; (2)
drug dose group; (3) BASDAI baseline/change; and (4) BASMI change. A
p value less than 0.05 was considered statistically significant. P values are
presented uncorrected for multiple comparisons.

RESULTS

T tests showed no difference between the drug dose groups
for age, disease duration, BASDAI, BASFI, or BASMI. A
chi-square analysis showed no significant difference in sex
between the 2 drug dose groups. Figure 1 shows the box plot
distribution of the 5 components of the BASMI at baseline
and 6 months (n = 70). A broad range of scores for lumbar
flexion, cervical rotation, and lumbar side flexion is evident
at both timepoints. There was relatively little variation in the
tragus-to-wall and intermalleolar distance scores. Table 1
shows that relatively few patients had severe scores accord-
ing to the original version of the BASMI. There was a high-
er percentage of patients with severe scores in the 10 mg
dose group, although differences from the 60 mg dose group
were not statistically significant (data not shown). The
scores for the 2 versions of the BASMI correlated signifi-
cantly with each other at baseline (PCC = 0.95, p < 0.001)
and at 6 months (PCC = 0.96, p < 0.001). Change scores
were also significantly correlated (PCC = 0.67, p < 0.001).

Despite a significant improvement in the BASMI in
those patients receiving the 60 mg dose, the responsiveness
of the BASMI was poor, regardless of which version of the
BASMI was employed (Table 2). Examination of the
responsiveness of the individual components of the BASMI
revealed significance for lumbar side flexion in the 60 mg
dosing group using the newer version of the BASMI (0-10
scoring) that was of similar responsiveness to the entire
BASMI (Table 3). The intermalleolar distance also showed
limited responsiveness, as defined by the SRM but not the
ES. Significant responsiveness was not evident for any indi-
vidual components of the BASMI when examined using the
original version of the BASMI (0-2 scoring). Linear regres-
sion analysis showed no significant effects of age, sex,
disease duration, baseline BASFI and BASDAI, or drug
dose group on BASMI change scored using 0-2 grading, but
drug dose group had a significant effect on BASMI change
scored using 0-10 grading (p = 0.04).

Correlation between the BASMI and BASFI at baseline
was 0.43. A significant correlation was noted between
changes in the BASFI and changes in the BASMI using
either the 0-2 (PCC = 0.44, p < 0.001) or the 0-10 (PCC =

0.46, p < 0.001) scoring system. Correlations were similar in
each dosing group (data not shown). All of the BASMI com-
ponents correlated significantly with the BASFI except for
tragus-to-wall distance, with correlation coefficients rang-
ing from 0.24 for the tragus-to-wall distance to 0.46 for the
intermalleolar distance. Table 4 shows correlations between
changes in the BASFI and changes in the individual compo-
nents of the BASMI based on the newer version of the
BASMI (0-10 scoring). A significant association was
observed between changes in either cervical rotation or
lumbar side flexion and changes in the BASFI, although this
was not consistently observed in each dosing group.
Changes in these 2 spinal mobility measures were also sig-
nificantly correlated with each other.

After adjusting for age, sex, disease duration, the base-
line BASDALI, and drug dose group, the BASMI added sig-
nificantly to the regression model (R? change = 0.14, p <
0.001). The multiple R is the measure of association
between the dependent variable and the optimal linear com-
bination of the independent variables, while the R? is the
proportion of the variance in the dependent variable that is
accounted for by the optimally weighted independent vari-
ables. After Step 2, the drug dose group added significantly
to the model (R? change = 0.13, p = 0.002). After Step 4,
with all independent variables in the equation, R = 0.56, p <
0.001. In the final model, significant predictors of the
BASFI change were drug dose group and the BASMI
change. These accounted for approximately 25% of the vari-
ance in the BASFI change from baseline to 6 months (R? =
0.31, adjusted R? = 0.25).

When baseline BASDAI was substituted by change in
the BASDAI, the BASMI did not add significantly to the
regression model (R? change = 0.01, p = 0.126). Drug dose
group (Step 2) and BASDAI change (Step 3) added signifi-
cantly to the model (R? change = 0.15, p < 0.001, and R?
change = 0.48, p < 0.001, respectively). After Step 4, with
all independent variables in the equation, R = 0.81, p <
0.001. In the final model, the only significant predictor of
BASFI change was BASDAI change. This accounted for
approximately 62% of the variance in the BASFI change
from baseline to 6 months (R2 = 0.66, adjusted R? = 0.62).

DISCUSSION
Our data show that the responsiveness of the BASMI over a
period of 6 months in patients receiving monthly intra-
venous pamidronate is low regardless of the scoring system,
and can be largely accounted for by changes in lumbar side
flexion. Further, changes in the BASMI accounted for only
a small portion of the variance in the BASFI. Of the specif-
ic components making up the BASMI, only changes in cer-
vical rotation and lumbar side flexion correlated with
changes in the BASFIL.

There are several potential reasons for the low respon-
siveness of the BASMI in this particular trial. Trial related
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Figure 1. Distribution of the 5 components of the BASMI at baseline and at 6 months (n = 70).
A. Distribution of BASMI measures at baseline (0-10 scoring). B. Distribution of BASMI

measures at 6 months (0-10 scoring).

Table 1. Frequencies of BASMI item scores (graded O to 2) at baseline.

BASMI SCORE
0 (mild) 1 (moderate) 2 (severe)

Count % Count % Count %
Tragus to wall 47 67.1 22 314 1 1.4
Lumbar flexion 42 60.0 20 28.6 8 11.4
Cervical rotation 15 21.4 47 67.1 8 114
Lumbear side flexion 35 50.0 24 343 11 15.7
Intermalleolar 58 82.9 12 17.1 0 0
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Table 2. Effect sizes (ES) and standardized response means (SRM) for original (0-2 scoring) and new (0—10 scoring) versions of the BASMI in AS patients

receiving either 60 mg or 10 mg monthly for 6 months.

Protocol Minimum Maximum Mean SD SD ES SRM

Difference Difference Difference Difference Base
0-10 scoring 60 mg -1.2 2 0.33 0.72 1.28 0.26 0.47
10 mg -1 0.8 0.05 0.51 2.01 0.02 0.09
0-2 scoring 60 mg -1 3 0.42 1.00 1.68 0.25 0.42
10 mg -2 2 0.06 0.81 2.54 0.02 0.07

SD: standard deviation, ES: defined as mean difference divided by baseline standard deviation, SRM: defined as mean difference divided by standard devia-

tion of mean difference.

Table 3A. Responsiveness of the individual components of the BASMI measured by a 0—10 scoring system in
AS patients receiving either 60 mg (n = 36) or 10 mg (n = 34) pamidronate monthly for 6 months.

Protocol BASMI Component Mean t Ratio p Value  SD Baseline ES SRM
Difference (2 tailed)

60 mg Tragus to wall 0.00 0.00 1.00 1.19 0.00 0.00

Lumbar flexion 0.33 1.09 0.28 2.79 0.12 0.18

Cervical rotation 0.33 1.41 0.17 1.93 0.17 0.23

Lumbear side flexion 0.72 2.60 0.01 1.80 0.40 0.43

Intermalleolar 0.28 2.05 0.05 1.35 0.21 0.34

10 mg Tragus to wall 0.00 0.00 1.00 1.90 0.00 0.00

Lumbar flexion 0.18 0.70 0.49 3.05 0.06 0.12

Cervical rotation -0.32 -1.64 0.11 3.02 -0.11 -0.28

Lumbar side flexion 0.09 0.50 0.62 2.81 0.03 0.09

Intermalleolar distance 0.32 3.20 0.00 1.63 0.20 0.54

ES: Effect size, SRM: Standardized response mean, SD: Standard deviation.

Table 3B. Responsiveness of the individual components of the BASMI as measured by a 0-2 scoring system in
AS patients receiving either 60 mg (n = 36) or 10 mg (n = 34) pamidronate monthly for 6 months.

Protocol BASMI Component Mean SD SD Baseline ES SRM
Difference

60 mg Tragus to wall 0.03 0.17 0.44 0.06 0.17
Lumbear flexion 0.08 0.44 0.61 0.14 0.19

Cervical rotation 0.08 0.44 0.42 0.20 0.19

Lumbar side flexion 0.17 0.65 0.65 0.26 0.25

Intermalleolar distance 0.06 0.23 0.32 0.17 0.24

10 mg Tragus to wall 0.00 0.00 0.56 0.00 0.00
Lumbar flexion 0.03 0.39 0.79 0.04 0.08
Cervical rotation -0.06 0.42 0.69 -0.08 -0.14

Lumbar side flexion 0.06 0.34 0.83 0.07 0.17

Intermalleolar distance 0.03 0.17 0.43 0.07 0.17

factors include the long duration of disease with established,
and presumably irreversible, structural damage, and the rel-
atively small sample size. The relative efficacy of this treat-
ment approach, particularly in comparison to anti-tumor
necrosis factor-directed therapies, also needs to be estab-
lished. One open-label study of a hospitalized group of AS
patients with mean disease duration of 20 years suggested
that this approach may be less effective than noted in our
study!3. Although the symptomatic benefit is consistent with
the benefits described in patients with malignant metastases
to bone, the mechanism remains unexplained16. Conse-

quently, the benefits noted in AS may not reflect alleviation
of inflammation and effects on spinal mobility may there-
fore be limited.

Tables 2 and 3 show that both scoring systems for the
BASMI show similar responsiveness, but the individual
components tend to be more responsive with the 0—10 scor-
ing system, particularly with respect to lumbar side flexion.
It is not altogether surprising that the most responsive meas-
ures of spinal mobility contributed most to the variance in
the BASFI. However, the overall contribution of changes in
the BASMI to the variance in the BASFI was small, high-
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Table 4. Pearson correlations between changes in the BASFI and changes in the individual components of the
BASMI (0-10 scoring) in AS patients treated with either 60 mg or 10 mg of pamidronate monthly for 6 months.

Protocol BASMI Component BASFI A TTW A LF A CR A LSF A
60 mg (n = 36) TTW A 0.19
LFA 0.08 0.21
CRA 0.57%%* 0.31 0.04
LSF A 0.24 0.20 0.04 0.38%*
IMD A 0.28 -0.12 0.22 -0.21 -0.03
10 mg (n = 34) TTW A 0.25
LFA 0.00 0.06
CR A 0.09 0.08 -0.13
LSF A 0.49%%* 0.00 0.03 0.36* 1.00
IMD A 0.19 0.15 -0.07 0.34%* 0.25

** Correlation is significant at the 0.01 level (2 tailed). * Correlation is significant at the 0.05 level (2 tailed).
TTW: tragus to wall, LF: modified Schober’s, CR: cervical rotation, LSF: lumbar side flexion, IMD: intermalle-

olar distance.

lighting the importance of additional variables influencing
the BASFI, such as active inflammation and psychosocial
factors. The BASMI was designed to provide a feasible,
readily reproducible, and standardized approach to spinal
and hip mobility assessment. Its sensitivity to change was
addressed following a 3-week intensive course of inpatient
physiotherapy®. However, a previous study of intensive
inpatient physiotherapy over 3 weeks showed that chest
expansion, fingertip to floor distance, lumbar flexion, and
cervical rotation were most responsive to change!”, while a
second study that also examined mobility measures follow-
ing physiotherapy also concurred with these findings,
adding lateral lumbar spinal flexion, hip internal rotation,
and thoracolumbar rotation to the measures most responsive
to treatment’. Lumbar flexion and occiput—wall distance
were not considered responsive in this latter study.
According to these 2 studies, the BASMI does not include 2
measurements, fingertip to floor distance and chest expan-
sion, that are most responsive to change. On the other hand,
studies have shown that the intra- and interobserver repro-
ducibility of chest expansion and fingertip to floor distance
measurements are poor' 820, The poor reliability of chest
expansion likely reflects both a lack of standardization,
measurements being taken variably at either the fourth inter-
costal space or at the xiphisternum, and the difficulties in
measuring chest expansion in women. These latter single-
center studies showed that the most reliable measures of
spinal mobility are cervical rotation, cervical lateral flexion,
tragus-to-wall distance, lateral flexion, and modified
Schober test. A multicenter study showed that while the reli-
ability of chest expansion and occiput-to-wall distance was
high, the reliability of the modified Schober test was inade-
quate8, ‘Additional studies have also demonstrated the
responsiveness of cervical spinal mobility assessment in
patients undergoing physiotherapy intervention2!-22,
Several studies have examined the responsiveness of var-
ious spinal mobility measures following pharmacological

interventions. In one study, responsiveness was most evi-
dent with fingertip to floor distance in AS patients with 16
years’ disease duration receiving ACTH for 2 months?3.
Most other studies have evaluated salazopyrin and general-
ly shown no treatment-group differences with placebo for
measures such as the modified Schober test and chest
expansion®*28, The mean disease duration of patients
enrolled in these trials was over 10 years. One study exam-
ined salazopyrin after 26 weeks of therapy in AS patients
with 4 years’ mean disease duration and noted significant
improvement in chest expansion?’. Four placebo controlled
trials have now reported the effects of anti-tumor necrosis
factor-directed therapies in spondyloarthritis. One 12-week
study of infliximab in AS reported significant change in the
BASMI as early as 2 weeks after the start of therapy?®, later-
al flexion being the most responsive measure, while a sec-
ond trial that enrolled patients with different subtypes of
spondyloarthritis did not observe significant improvement
in the BASMI after 12 weeks’. In the first placebo con-
trolled trial of etanercept in AS, which recruited 40 patients,
a significant improvement in chest expansion, but not the
modified Schober test or the occiput-to-wall distance, was
evident at 4 months3’. In a second controlled trial of etaner-
cept in AS that recruited 277 patients, significant improve-
ment was noted in chest expansion, modified Schober test,
and occiput-to-wall distance at 24 weeks, but this study did
not evaluate the responsiveness of the BASMI®!.

Our work, and that of others, suggests that the BASMI
may not be the most responsive spinal mobility index for
relatively short term trials. Responsiveness could be
improved by using the newer version of the BASMI that
incorporates a 0-10 rather than a 0-2 scoring system.
Lumbar side flexion is the most responsive component of
the BASMI and reflects functional change better than the
other components of the BASMI. Two of the 3 mobility
measures recommended by the ASAS Working Group,
occiput-to-wall distance and the modified Schober test, lack
responsiveness.
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