


PATIENTS AND METHODS

Proposed linear BASMI definition
The assessments A of the five components are converted into
the scores S using the equations given in table 3. The factors in
the equations have been chosen as to establish agreement
between BASMI10 and our definition for the centre of each field
of the BASMI10 conversion table. Like the BASMI10, the
BASMIlin is also the average of the five scores. If the assessment
results are to be evaluated by hand without a computer and the
resulting BASMIlin scores are to be compared with former
results ‘‘at the bedside’’, it is simpler and less time consuming to
enter the scores into the form shown in fig 1 and to perform the
conversion in a graphical way with the help of the double scales
presented in this figure.

Patients and assessments
For the comparison of the performance of the three BASMI
versions (BASMI2, BASMI10, and BASMIlin) we used existing
assessments from various cohorts. All spinal mobility assess
ments necessary to calculate the BASMI were made in 187
patients from the OASIS (Outcome in Ankylosing Spondylitis
International Study) cohort, which was used for several
previous studies.6 10 The assessments are performed as described
in fig 1. For the cervical rotation the method with the
goniometer was applied. In 154 of the 187 patients two
assessments were made with a 2 year interval, and in the
remaining 33 of the 187 patients a single assessment was made
(in total 341 assessments).

In addition, baseline data from 257 patients that took part in
three clinical trials to assess anti TNF therapy were used. In
total, 598 assessments could be used for comparison of status
scores according to different BASMI definitions. Moreover, 63
patients treated with placebo and 159 patients treated with
anti TNF therapy had a baseline and 24 week follow up
assessment available, and could be used to compare sensitivity
to change of different BASMI definitions.

Analysis
Descriptive statistics and Bland Altman analysis (showing the
difference between two BASMI definitions per patient (y axis)
plotted against the mean of two BASMI definitions per patient
(x axis) were used to describe the absolute agreement across
different BASMI definitions. Apart from showing the degree of
agreement, Bland Altman plots give insight into whether both
BASMI definitions behave similarly over the entire range of
measurement or not.

The effect size according to Guyatt (mean change of TNF
treated patients divided by the standard deviation of the change
of the placebo treated patients) per BASMI definition was
calculated for the patients in the trials to investigate differences
in sensitivity to change.

RESULTS
Table 4 presents summary statistics for the various groups of
patients for the BASMI2, BASMI10 and BASMIlin. The entire
range of possible scores is well represented in the various
cohorts. Expectedly, the summary statistics of BASMI10 closely
resemble those of BASMIlin. By contrast, the mean status score
according to the BASMI10 and BASMIlin definitions are
substantially higher as compared to the mean BASMI2 score.

Figure 2 shows Bland Altman plots comparing the scores of
the three BASMI definitions for individual patients. If two
BASMI versions yielded exactly similar results, all data would lie
along the x axis over the entire range of measurement.
Comparing BASMI10 and BASMIlin, there are only small
differences between the two scores and there is no clear pattern
discernible along the range of measurement. By contrast,
however, if the BASMI2 is compared to either the BASMI10 or
the BASMIlin, the BASMI10 and BASMIlin outweigh the BASMI2

in the lower part of the range and undervalue the BASMI2 in the
higher part of the range (a heteroscedastic pattern).

Table 1 Conversion table for BASMI2; the BASMI2 is the sum of the
five scores

If:

Then score =

0 1 2

Lateral lumbar flexion* (cm) .10 cm 5–10 cm ,5 cm

Tragus-to-wall distance* (cm) ,15 cm 15–30 cm .30 cm

Lumbar flexion (modified Schober) (cm) .4 cm 2–4 cm ,2 cm

Intermalleolar distance (cm) .100 cm 70–100 cm ,70 cm

Cervical rotation angle* (u) .70u 20–70u ,20u

*For lateral lumbar flexion, tragus-to-wall distance, and cervical rotation the average of
right and left should be taken.
BASMI, Bath Ankylosing Spondylitis Metrology Index.

Table 2 Conversion table for BASMI10; the BASMI10 is the mean of the five scores

If:

Then score =

0 1 2 3 4 5 6 7 8 9 10

Lateral lumbar flexion (cm) >20 18–20 15.9–17.9 13.8–15.8 11.7–13.7 9.6–11.6 7.5–9.5 5.4–7.4 3.3–5.3 1.2–3.2 (1.2

Tragus-to-wall distance (cm) (10 10–12.9 13–15.9 16–18.9 19–21.9 22–24.9 25–27.9 28–30.9 31–33.9 34–36.9 >37

Lumbar flexion (modified Schober)
(cm)

>7 6.4–7.0 5.7–6.3 5.0–5.6 4.3–4.9 3.6–4.2 2.9–3.5 2.2–2.8 1.5–2.1 0.8–1.4 (0.7

Intermalleolar distance (cm) >120 110–119.9 100–109.9 90–99.9 80–89.9 70–79.9 60–69.9 50–59.9 40–49.9 30–39.9 (30

Cervical rotation angle (u) >85 76.6–85 68.1–76.5 59.6–68 51.1–59.5 42.6–51 34.1–42.5 25.6–34 17.1–25.5 8.6–17 (8.5

*For lateral lumbar flexion, tragus-to-wall distance, and cervical rotation the average of right and left should be taken.
BASMI, Bath Ankylosing Spondylitis Metrology Index.

Table 3 Equations proposed for the conversion of the assessments A
into scores S for the five components of the BASMIlin

S = 0 if:
Between 0
and 10: S = 10 if:

Lateral lumbar flexion* (cm) A>21.1 S = (21.12A)/2.1 A(0.1

Tragus-to-wall distance* (cm) A(8 S = (A28)/3 A>38

Lumbar flexion (modified Schober) (cm) A>7.4 S = (7.42A)/0.7 A(0.4

Intermalleolar distance (cm) A>124.5 S = (124.52A)/10 A(24.5

Cervical rotation angle* (u) A>89.3 S = (89.32A)/8.5 A(4.3

*For lateral lumbar flexion, tragus-to-wall distance, and cervical rotation the average of
right and left should be taken.
If a score lies beyond the range 0–10, the values 0 or 10 have to be used, respectively.
For facilitating computer calculations with ‘‘if ... then ... else’’ fields in a table
calculation program such as Microsoft Excel, the limits of the linear ranges are also
given. The BASMIlin is the mean of the five scores.
BASMI, Bath Ankylosing Spondylitis Metrology Index.
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BASMI2 score is lower than the scores of the others if the
BASMI is in the lower range, but higher if the BASMI is in the
higher range, so that both differential effects extinguish each
other, and the net effect on the grand mean is negligible. Such
an effect can only be demonstrated in Bland Altman plots, as
already suggested in the past by Bland and Altman, who argued
that in method comparison one is interested in whether the
difference between the measurements by the two methods is
related to the magnitude of the measurement.11 The explanation
for this clear discrepancy is that the BASMI2 does not behave as
a linear measure, while the BASMI10 and the BASMIlin do.
BASMI2 is built on vaguely defined categories that may have a
clinical implication but that also render the instrument
inappropriate as a monitoring tool. The fundamental objection
here is that a change of 1 unit in BASMI2 has different meanings
when the baseline BASMI value is 8 as compared to, eg, 5. The
BASMI10 and the BASMIlin in particular show fewer floor
effects, ie, are able to show changes in patients with limited
restrictions. This can best be illustrated by the lateral lumbar
flexion. If the lateral lumbar flexion is 10 cm or more this is
always scored as 0 in the BASMI2 where there are still five
grades to differentiate between measurements over 10 cm in the
BASMI10 and the BASMIlin. Similar effects are seen for the
modified Schober where measurements above 4 cm always
result in a score of 0 in the BASMI2 while there are four grades
available in the BASMI10 and the BASMIlin.

The results of this method comparison show that the
proposed BASMIlin definition, which is truly linear, closely
resembles BASMI10 scores. The small differences shown in fig 2C
can be attributed to rounding errors associated with the
categories in the BASMI10 definition. This finding underpins
the fact that BASMI10 does not suffer so much from the metric
limitations inherent to BASMI2, and this makes BASMI10 a
more reliable instrument to use in monitoring spinal mobility
over time than BASMI2. Furthermore, the proposed BASMIlin

has a slightly better sensitivity to change as compared to the
BASMI10 version, which is undoubtedly due to the elimination
of the categorical character of the latter. More importantly,
with the linear equations presented in table 3 a computer
evaluation in clinical trials, and putatively in clinical practice, is
far easier to perform as compared to the conversion tables of
the other two BASMI versions. Also, an evaluation by hand ‘‘at
the bedside’’ is easy to perform if the form presented in fig 1 is
used.

CONCLUSIONS
The BASMI10 and BASMIlin have clear and relevant advantages
as compared to the BASMI2. The main advantage of the new
BASMIlin over the BASMI10 is its practicability in computer
evaluations in clinical trials. It is important to realise that the
BASMI10 and BASMI2 are not interchangeable. Which of the
BASMI versions was applied should therefore be defined in

Figure 2 Bland–Altman plots comparing status scores of Bath Ankylosing Spondylitis Metrology Index (BASMI) versions. A. BASMI10 with BASMI2.
B. BASMIlin with BASMI2. C. BASMI10 with BASMIlin. The y axis displays the difference between two BASMI versions per patient and the x axis the
average of the two BASMI versions per patient. Each leaf of the flower represents one observation. The broken lines indicate the mean difference.

Table 4 Summary statistics of the BASMI2, BASMI10, and BASMIlin for the various patient groups used to evaluate the status scores and the change
over a 24-week treatment period with either placebo or active treatment

Patients
(n)

Assessments
(n) Treatment BASMI2 BASMI10 BASMIlin

Status score OASIS 443 598 NA 3.6 (2.2) (0–10)/3 (2;5) 4.2 (1.7) (1–9.2)/4 (2.8;5.4) 4.1 (1.7) (0.5–9.2)/4.1 (2.8;5.3)

Baseline score trials 63 63 Placebo 4.3 (2.2) (0–9)/4 (3;6) 4.7 (2.2) (1–8.8)/4,8 (3.2;5.8) 4.8 (1.7) (1.2–9)/4.8 (3.3;5.9)

Baseline score trials 159 159 Active* 4.3 (2.2) (0–10)/4 (2;6) 4.7 (1.7) (1–9.2)/4.6 (3.6;6) 4.7 (1.6) (1.1–9.2)/4.6 (3.7;5.9)

Change score
24 weeks

63 63 Placebo 20.14 (0.9) (22–2)/0 (21;0) 20.19 (0.59)(21.8–1)/20.2
(20.6;0.2)

20.19 (0.54) (21.68–0.88)/
20.17 (20.54;0.16)

Change score
24 weeks

159 159 Active* 20.59 (1.3) (25–3)/21 (21;0) 20.56 (0.9) (24–2.6)/20.6 (21.2;0) 20.56 (0.89) (24–2.4)/20.57
(21.06;20.32)

*One of the TNF blockers infliximab, adalimumab, or etanercept.
Data are presented as mean (SD) (range)/median (p25, p75).
BASMI, Bath Ankylosing Spondylitis Metrology Index; OASIS, Outcome in Ankylosing Spondylitis International Study; TNF, tumour necrosis factor.
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