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Assessment of the 3-Dimensional Fastrak
Measurement System in Measuring Range of 
Motion in Ankylosing Spondylitis
KELVIN JORDAN, KIRSTIE L. HAYWOOD, KRYSIA DZIEDZIC, ANDREW M. GARRATT, PETER W. JONES, 
BIE NIO ONG, and PETER T. DAWES

ABSTRACT. Objective. To assess the repeatability and validity of the electromagnetic 3-dimensional tracking sys-
tem, Fastrak, in measuring cervical spine and shoulder movement in patients with ankylosing
spondylitis (AS).
Methods. Fifty patients with AS had their cervical spine and shoulder movements measured on up
to 3 occasions with the Fastrak. Patients also completed disease-specific and generic patient assessed
health instruments, and their spinal mobility was assessed by tape measure methods. Repeatability
over 2 weeks was assessed using intraclass correlation coefficients (ICC). Fastrak measurements
were compared between patients with different self-ratings of AS related health. Comparisons
between the Fastrak measurements and patient assessed health instruments and tape measurements
were made using Spearman correlations and multilevel modeling.
Results. Patients with AS tended to be limited in both cervical spine and shoulder movements. ICC
were all > 0.80 (except shoulder extension, 0.75), indicating substantial reliability. Fastrak was able
to differentiate between patients with a high self-rating of AS related health and those with a poorer
rating. Cervical spine flexion and shoulder flexion and abduction were most strongly related to the
patient assessed health instruments, although the shoulder movements had limited relationships with
the tape measurements of spinal mobility.
Conclusion. The Fastrak appears to be reliable and valid in an AS population. Shoulder movements
tended to have a stronger relationship with the patient assessed health instruments than cervical spine
movements. Shoulder movement may be more related to everyday function measured by these
instruments, which indicates the importance of this joint in assessment of AS. (J Rheumatol
2004;31:2207–15)
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Assessment of range of motion (ROM) is used to aid diag-
nosis of ankylosing spondylitis (AS) and contributes to
assessment of change over time in those with the disease1.
However, conventional measurement tools such as the tape
measure or the inclinometer can only measure the maxi-
mum ROM in one plane (the primary plane) of movement.

They cannot detail the full 3-dimensional pattern of move-
ment, including movement in different planes, and the
velocity of that movement. Thus the full picture of dynam-
ic movement is not obtained as its speed and associated
movement outside the primary plane cannot be recorded.
This may be particularly important for complex joints, such
as the shoulder, where movement is 3-dimensional, and
when measuring functional activity.

The Fastrak (Polhemus Incorporated, Colchester, VT,
USA) is an electromagnetic 3-dimensional tracking system.
The position and orientation of up to 4 small remote sensors
placed on appropriate parts of the body are computed rela-
tive to the source transmitter. Data from each sensor, there-
fore, can be measured in 3 planes (e.g., sagittal, frontal, and
transverse) of joint motion. For example, the amount of lat-
eral flexion and rotation in the primary movement of cervi-
cal spine flexion can be recorded, as can the amount of
trunk movement in these 3 planes. Software to read this 3-
dimensional movement and to derive velocity and acceler-
ation has been designed in North Staffordshire, UK. Data
can be displayed as a graph (Figure 1) or as raw data and
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can be stored on the computer and retrieved at followup vis-
its to allow assessment of change.

Before the full potential of the 3-dimensional properties
of the Fastrak and similar 3-dimensional systems can be
realized, it is important that they are shown to be reliable
and valid measures of ROM in the primary plane in both
healthy and symptomatic subjects. Studies assessing the
reliability of the Fastrak have examined lumbar spine move-
ment2,3, thoracic spine movement4, and movement at the
ankle joint complex5. Another electromagnetic system, the
Flock of Birds (Ascension Technology Corp., Burlington,
VT, USA), has been evaluated on the cervical spine6 and the
shoulder7-9. However, these studies concentrated on a limit-
ed number of often healthy subjects. Larger studies evaluat-
ed the Isotrak, the predecessor to the Fastrak, on lumbar
spine movement10 and cervical spine movement11 in
healthy subjects, and a smaller study assessed its reliability
in shoulder movement, again in asymptomatic subjects12.
The Isotrak, however, has only a single sensor and, unlike

the Fastrak, the electromagnetic source has to be attached to
the subject, which may hinder movement.

The interobserver (40 subjects measured by 2 observers)
and intraobserver (32 subjects measured on 3 occasions)
reliability of the cervical spine and shoulder primary move-
ment measurements of the Fastrak were found to be good in
asymptomatic subjects13. Our objective was to validate the
primary plane measurements in patients with AS: specifi-
cally (1) to compare ROM data for cervical spine and shoul-
der movement for patients with diagnosed AS to asympto-
matic subjects; (2) to assess the repeatability of the Fastrak
in AS; and (3) to assess validity by comparing the Fastrak
measurements to results from widely used methods of
assessing AS. These methods included disease-specific and
generic patient assessed health instruments and tape meas-
ure assessed ROM.

MATERIALS AND METHODS
Subjects. Patients with a confirmed clinical diagnosis of AS (modified New
York criteria14) registered with a specialist rheumatology center in

2208 The Journal of Rheumatology 2004; 31:11

Figure 1. Example of Fastrak trace of cervical spine range of motion. Three measurements
each of flexion and extension, lateral flexion right and left, and rotation right and left of the
cervical spine. The main secondary movement shown is rotation during lateral flexion.
Reproduced from Jordan K, Dziedzic K, Jones PW, Ong BN, Dawes PT. Rheumatology
2000;39:382-8, with permission of Oxford University Press.
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England, aged 18 years and over, and who regularly attended the center for
physiotherapy and participation in a self-help group were invited to partic-
ipate in the study. Informed consent was obtained from all participants.
While these patients were likely to be older, perhaps more severely restrict-
ed by AS, and be more male dominated than a routine clinic population,
they are representative of patients regularly seen in rheumatology clinics
and by physiotherapists15. Subjects were measured at baseline, 2 weeks,
and 3 months. There was no change in the patient’s usual care. The study
was approved by the local research ethics committee.

Sample size calculation was based on detecting differences in ROM
between patients with AS and the 72 healthy subjects measured in a previ-
ous reliability study13. Guidelines by the American Medical Association16

suggest that repeated measurements within 10% or 5° of total motion,
whichever is greater, should not be considered a clinically significant
change. There is little published information about shoulder ROM in
patients with AS so sample size calculations were based on available AS
cervical spine ROM data17. Based on a power of 90%, a significance level
of 5% and detecting at least a 10% or 5° (whichever is greater) difference
between ROM of AS patients and collected ROM data for the asympto-
matic subjects, a sample size of approximately 60 at baseline was needed.
This sample size was also sufficient to allow examination of the repeata-
bility of the Fastrak in AS and compare the Fastrak data to the other assess-
ment tools used.

Ninety-one patients with diagnosed AS registered with the rheumatol-
ogy center were eligible to take part in the study. Three patients agreed to
take part in a pilot study of the procedure for Fastrak measurement. Eighty-
eight patients were sent letters and invited to take part in the main study. A
patient information leaflet and consent form were also sent. Reminders
were sent after 2 and 4 weeks.

Nonresponders and those who declined to take part were compared to
patients taking part in the study with respect to age and sex. Those attend-
ing on all 3 occasions were compared with those missing one or 2 occa-
sions on age, sex, and their baseline ROM.

Protocol for movement and measurement with the Fastrak. The protocol
was identical to that used in the study of asymptomatic subjects13.
Movements in each plane were performed consecutively without stopping
and repeated so that there were 3 measurements of each movement on each
occasion. The Fastrak was centered at zero degrees before movements in a
new plane began. Movements were always performed in the same order.
Sensors remained fixed to the subject until all movements in all planes
were completed.

For the cervical spine, the planes of movement were those relating to
the movements of flexion and extension, lateral flexion to right and left,
and rotation to right and left. Patients were seated in a wooden chair. One
sensor was fixed to a pair of safety spectacles and situated on the forehead.
A second sensor, fixed on the sternum using a Velcro strap, measured sec-
ondary trunk movement. The analysis reported here relates to the forehead
sensor, and the maximum of the 3 repetitions in the primary plane of move-
ment was taken for the analysis. Patients were asked to move as far as they
could without moving their shoulders.

For the shoulder, the movements measured were flexion and extension,
abduction, and external rotation from the neutral position with elbow
flexed to 90°. One sensor was placed just above the elbow using a Velcro
strap, one on the acromion process using double-sided tape, and, again, one
on the sternum. In the analysis reported here, only the elbow sensor was
analyzed, and the maximum of the 3 repetitions in the primary plane only
was taken. The dominant shoulder was used for each patient. For flex-
ion/extension and abduction, patients were instructed to stand with their
arm by their side and thumb pointing forward. For external rotation,
patients were told to keep their elbow into their side. Patients were asked
to move as far as they could in the requisite plane of movement.

The position and orientation of each sensor was computed relative to
the source transmitter, which was placed on a wooden pedestal behind the
subject.

Other assessment procedures. At each timepoint patients also completed a
package of disease-specific and generic patient assessed health instru-
ments, and had spinal ROM assessed by tape measure. The instruments and
tape measure assessments of ROM reported here were those previously
found to have good evidence of reliability, validity, and responsiveness in
AS18-21.

Three disease-specific and 2 generic measures of health status were
included. The Ankylosing Spondylitis Quality of Life instrument (ASQoL)
is an AS-specific measure of quality of life22. Responses to the 18 items are
summed to produce a 0–18 scale: 0 represents the best and 18 the worst
QoL. The Bath AS Disease Activity Index (BASDAI) is an AS-specific
measure of disease activity comprising 6 items, each with a 10 cm visual
analog scale23. The summed item score is converted to a 0–10 scale; a
lower score indicates less disease activity. The Revised Leeds Disability
Questionnaire (RLDQ)24 assesses AS-specific functional disability. It has
16 items that describe 4 areas: mobility, bending down, neck movement,
and posture. Item summation produces a final score from 0 to 48; a higher
score represents greater functional disability. The EuroQol (EQ-5D)25 is a
generic measure of health status. Scores range from –0.59 to 1.00, where
1.00 is perfect health. The EuroQol “thermometer” visual analog scale
(EQ-VAS) rates individual health on the day of completion from 0, “worst
imaginable health state,” to 100, “best imaginable health state.” The Short
Form-12 (SF-12) is a reduced version of the Short Form-3626. Two sum-
mary scores are calculated, a physical (PCS) and a mental (MCS) compo-
nent summary score. The higher the score, the better the health status.

A question on the baseline questionnaire asked subjects to rate their
AS-specific health from poor to excellent (5 categories in total). Health
transition questions included in the 2-week and 3-month questionnaires
asked patients whether their AS related health was better, the same, or
worse than at baseline.

The tape-measured ROM were selected following a structured review
of published evidence and a study of the reliability, validity, and respon-
siveness of tape-measured spinal mobility measures in AS18,21. The select-
ed measurements were the modified 15 cm Schober Index (MSI)21,27

measured with a plastic tape, fingertip to floor distance following trunk-
forward flexion (from the tip of the middle finger of right hand) measured
with a retractable steel tape measure21, and cervical spine rotation with a
plastic tape measured left and right17,28. Cervical rotation was measured as
a reduction in the distance between the tip of nose (a more fixed landmark
than the chin) and the acromioclavicular joint21. One measurement was
taken of each tape-measured ROM. All assessments took place in the after-
noon or early evening with repeat measurements scheduled for the same
time of day as far as possible.

Analysis. For the Fastrak evaluation, the maximum of 3 consecutive per-
formances of each primary movement was calculated on each occasion.
First, comparisons were made on each movement at baseline of the AS
patients to that of the 72 asymptomatic subjects in the study as described13.
As the asymptomatic subjects were not age-sex matched to the patients
with AS, analysis of covariance was used to adjust in the comparisons for
age, sex, and body mass index (BMI) differences.

Repeatability of the Fastrak was assessed using the intraclass correla-
tion coefficient based on the 2-way random effects ANOVA for a single
measurement [denoted by ICC(2,1)29] for the baseline and 2-week meas-
urements. This was performed on all patients measured at those 2 time-
points and then only for those patients indicating no change in AS-specif-
ic health at 2 weeks on the health transition question. The ICC ranges from
0 to 1, 1 indicating perfect reliability. It assesses the proportion of total
variability explained by the variation between subjects. While there will be
variability within subjects when measured on different occasions, it should
be far less than that between subjects. Values of 0.80 and above indicate
substantial reliability30. To allow assessment of the lowest level of reliabil-
ity for each measure, one-sided lower 95% confidence limits were also cal-
culated.

The validity of the Fastrak measurements was assessed by comparing
patients reporting their baseline AS related health as excellent or very

2209Jordan, et al: Range of motion in AS
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good, to those rating it good, fair, or poor. As the patients with AS were
now split into 2 smaller groups, this was performed using the nonparamet-
ric Mann-Whitney test. To assess relationships between the Fastrak meas-
urements and the patient assessed health instruments and the tape measure
assessments, correlation coefficients were calculated. This was performed
on the baseline data. As some of the results for the patient assessed health
instruments and tape measurements were highly skewed, Spearman’s cor-
relations were used. A strong relationship was defined as a correlation ≥
0.7, moderate as 0.5–0.7, and minimal as < 0.331.

The final analysis explored how much limitation in cervical spine
and/or shoulder ROM affected different areas of health, for example, func-
tioning, disability, quality of life, and mental health. It assessed how much
of the variation in AS related health between subjects, and between occa-
sions (baseline, 2 weeks, and 3 months) within subjects, could be explained
by the different (Fastrak-measured) movements. Analysis was performed
using 2-level repeated measures multilevel modeling32 with the response
variable being each of the patient assessed health instrument scores in sep-
arate models. Multilevel modeling takes into account the hierarchical
nature of the data where the occasions (level 1) are nested within subjects
(level 2). Patients who do not participate on all 3 occasions can still be
included in the analysis. The amount of total unexplained variation (total
variance: level 2 + level 1) in scores that was between subjects (variance at
level 2) rather than within subjects (variance at level 1) was determined.
The initial pool of explanatory variables included the maximum Fastrak-
measured ROM for each primary movement at each occasion, together
with age, body mass, sex, disease duration, marital status (married/not mar-
ried), and occupational status (employed/not employed). As the objective
was to assess which of the explanatory variables were most associated with
the patient assessed health instrument scores, a forward stepwise procedure
was used. Due to the skewness of their distribution, the scores were con-
verted to normal scores, this being the most appropriate transformation for
data of this type, where the scores have no intrinsic meaning33. This trans-
formation preserves the monotonic ordering of the data. The exception to
this was the BASDAI, which appeared to have an approximate normal dis-
tribution. Explanatory variables were added as fixed coefficients only (i.e.,
the relationships between instrument scores and each explanatory variable
were assumed to be uniform across subjects).

Analyses were performed using SPSS 11.0 for Windows34 and
MLwiN35.

RESULTS
Fifty of the 88 patients were measured at baseline (Table 1).
After exclusion of the 9 patients who could not be contact-
ed or were found to be ineligible, this gave an adjusted

response rate of 63%. This was less than the desired 60 sub-
jects, but this still allowed a power of 80% in the sample
size calculations. Forty-four of the 50 patients were meas-
ured at 2 weeks and 40 (including 4 not measured at 2
weeks) were measured at 3 months.

The 29 nonresponders did not differ from the 50 meas-
ured at baseline on sex (p = 0.49) or age (p = 0.14).
Compared to patients who attended one or 2 measurement
occasions those who attended all 3 tended to be older (mean
difference in ages = 7 years; p = 0.05), but did not differ sig-
nificantly on baseline-measured ROM.

Forty-five (90%) patients with AS were male. This com-
pares to 23 (32%) of the asymptomatic subjects in our ear-
lier study. The AS patients were also older (mean difference
13.2 yrs; 95% CI 9.4, 17.0). Fastrak-measured ROM for the
AS patients at baseline is given in Table 2. AS patients had
a significantly reduced ROM compared to the asympto-
matic subjects on all movements (shoulder external rotation
p = 0.02; p < 0.01 for all other movements) except cervical
spine right rotation (p = 0.10) and shoulder extension (p =
0.77). This was after adjustment for age, sex, and body mass
differences. However, there was a wide range of limitation
within the AS patients, varying from very little movement to
“normal” movement. Table 2 also shows the estimated
reduction in ROM for the AS patients compared to the
asymptomatic subjects after adjustment for age, sex, and
BMI.

The repeatability over 2 weeks of the cervical spine
and shoulder movements is shown in Table 3. Five
patients felt their health had improved at 2 weeks, and 13
felt it had deteriorated. All ICC were above 0.80 except
for shoulder extension (0.75), and all had one-sided con-
fidence limits ≥ 0.60.

At baseline, 14 patients rated their AS-specific health as
excellent or very good and 36 as good, fair, or poor. A bet-
ter rating of individual AS health was related to better ROM
for all movements (Table 4).

Spearman correlations between the Fastrak measure-
ments at baseline and the patient assessed health instru-
ments and tape measurements are given in Tables 5 and 6.
The RLDQ and BASDAI had moderate to strong associa-
tions with both the Fastrak-measured cervical spine (RLDQ
0.58–0.77; BASDAI 0.52–0.66) and shoulder (RLDQ
0.56–0.72; BASDAI 0.48–0.72) movements. The other
instruments tended to have stronger associations with the
shoulder than with the cervical spine, although generally
less than the RLDQ and BASDAI. The SF-12 mental com-
ponent summary (MCS) score had minimal association with
cervical spine movement and small associations with the
shoulder. Cervical spine flexion and shoulder flexion, flex-
ion plus extension, and abduction had the strongest associa-
tions with the patient assessed health instrument scores. As
expected, the cervical spine Fastrak-measured ROM were
most strongly related to the tape-measured cervical spine

2210 The Journal of Rheumatology 2004; 31:11

Table 1. Background of patients with AS (n = 50).

Male, n 45 (90%)
Dominant shoulder—Right, n 45 (90%)
Age, yrs

Mean (SD) 47.5 (11.36)
Median 49
Range 27–70

Body mass index*
Mean (SD) 26.2 (4.49)
Median 25.7
Range 18.9–45.0

Disease duration**
Mean (SD) 21.6 (10.94)
Median 20
Range 2–51

* Weight in kg/height in m2, measured at first occasion. ** Number of
years with AS symptoms.
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rotation (all correlations ≥ 0.80). All the tape-measured
movements had only small to moderate relationships with
the shoulder movements (0.29–0.60).

The final multilevel models of the AS patient assessed
health instrument scores are given in Table 7. The null mod-
els (i.e., with no explanatory variables included) showed
that the majority of the variation was between subjects
rather than between the 3 occasions within subjects. The
percentage of the variation in instrument scores between
subjects (level 2) rather than between occasions within sub-

jects ranged from 73% (EQ-5D) to 90% (RLDQ) and 92%
(ASQoL). Inclusion of explanatory variables to form the
final models saw the unexplained variation in scores
between subjects fall by 68% for the RLDQ and by 30% or
more for all instruments except the MCS (14%). However,
the greatest reduction at level 1 (between occasions within
subjects) was just 8% (ASQoL). The shoulder ROM had the
best explanatory power for all instruments. This was shoul-
der flexion for the PCS, abduction for the RLDQ, BASDAI,
ASQoL and MCS, and flexion plus extension for the EQ-

2211Jordan, et al: Range of motion in AS

Table 2. Summary of range of motion (degrees) of patients with AS at baseline (n = 50).

Mean (SD) Median (IQR) Range Estimated Reduction*
(95% CI)

Cervical spine
Flexion 43.5 (19.78) 43.9 (28.4, 61.1) 6.3–76.8 11.7 (4.3, 19.2)
Extension 36.5 (22.27) 40.2 (16.7, 53.8) 0.9–86.6 16.9 (9.0, 24.7)
Flexion + extension 79.2 (39.85) 82.5 (47.4, 111.1) 6.9–155.8 28.8 (16.2, 41.5)
Right lateral flexion 25.1 (16.83) 23.9 (10.2, 35.8) 2.1–64.3 11.8 (6.0, 17.6)
Left lateral flexion 27.6 (17.83) 26.2 (12.8, 39.8) 1.7–64.6 11.4 (5.3, 17.6)
Lateral flexion total 52.3 (34.09) 50.4 (24.5, 74.4) 4.1–128.9 22.7 (11.3, 34.2)
Right rotation 55.9 (23.81) 59.9 (41.2, 75.4) 3.8–93.3 6.6 (–1.5, 14.7)
Left rotation 53.2 (23.31) 56.7 (36.2, 72.2) 9.5–102.0 23.7 (15.0, 32.5)
Rotation total 108.7 (45.55) 116.1 (74.7, 143.5) 17.1–190.2 30.0 (14.9, 45.1)

Shoulder
Flexion 133.6 (30.83) 136.9 (112.8, 153.1) 59.6–188.3 24.1 (11.9, 36.3)
Extension 53.7 (16.57) 55.1 (43.4, 67.1) 10.7–86.4 1.9 (–5.6, 9.5)
Flexion + extension 185.3 (42.69) 195.8 (158.9, 209.9) 71.4–267.9 26.1 (9.9, 42.3)
Abduction 125.6 (33.87) 127.3 (95.5, 158.0) 42.8–188.9 18.9 (5.8, 32.0)
External rotation 46.9 (16.36) 47.9 (33.6, 57.9) 20.2–82.0 9.8 (1.7, 17.9)

* Estimated reduction in ROM compared to asymptomatic subjects after adjustment for differences in age, sex,
and BMI.

Table 3. Reliability of cervical spine and shoulder movements over 2 weeks.

All Patients, n = 44 AS-Specific Health the Same
at 2 Weeks, n = 26

ICC (2, 1)* 1-Sided 95% CI ICC (2, 1)* 1-Sided 95% CI
for p (the for p (the

population ICC) population ICC)

Cervical spine
Flexion 0.91 > 0.85 0.91 > 0.83
Extension 0.84 > 0.75 0.89 > 0.79
Flexion + extension 0.95 > 0.93 0.95 > 0.91
Right lateral flexion 0.95 > 0.92 0.96 > 0.92
Left lateral flexion 0.94 > 0.91 0.95 > 0.91
Lateral flexion total 0.97 > 0.94 0.98 > 0.96
Right rotation 0.95 > 0.92 0.94 > 0.89
Left rotation 0.94 > 0.90 0.92 > 0.86
Rotation total 0.98 > 0.97 0.98 > 0.96

Shoulder
Flexion 0.86 > 0.78 0.84 > 0.71
Extension 0.75 > 0.62 0.77 > 0.60
Flexion + extension 0.88 > 0.80 0.86 > 0.75
Abduction 0.93 > 0.88 0.91 > 0.84
External rotation 0.85 > 0.76 0.83 > 0.69

* Intraclass correlation coefficient (ICC) based on 2-way random effects ANOVA; ICC ranges from 0 to 1 (per-
fect reliability).
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5D. Flexion was the only cervical spine movement to fur-
ther improve any of the models (RLDQ, BASDAI, and
PCS). Age did not give any additional improvement to the
models, although a larger BMI was related to a poorer
RLDQ score.

DISCUSSION
We performed an assessment of a new ROM measuring tool
on a disease population. Patients with AS tended to have
major limitations in all movements except shoulder exten-
sion. All movements had substantial reliability (> 0.80)

except for shoulder extension (0.75). All had higher ICC
than in the study of asymptomatic subjects13, where all ICC
were greater than 0.60 except for cervical spine left rotation
(0.54). The higher ICC may be explained partly by the
greater variability in movement between AS patients. The
reliability values are high even when including patients
reporting improvement or deterioration in health. In the 13
patients reporting a deterioration in their AS-specific health
at 2 weeks, there was no evidence of poorer ROM.
Intraobserver reliability of the tape measure ROM on 26
patients at 2 weeks gave similar levels of ICC21.

2212 The Journal of Rheumatology 2004; 31:11

Table 4. Range of motion (degrees) by rating of patient assessed AS-specific health*.

AS Health Excellent or Very AS Health Good, Fair, or
Good, n = 14 poor, n = 36

Mean (SD) Median (IQR) Mean (SD) Median (IQR) p

Cervical spine
Flexion 61.3 (17.53) 66.1 (60.2, 70.2) 36.5 (16.00) 37.7 (22.4, 49.8) < 0.001
Extension 51.1 (22.25) 51.0 (45.0, 64.5) 30.8 (19.80) 29.4 (11.9, 44.3) 0.004
Flexion + extension 111.2 (37.30) 119.8 (107.2, 129.6) 66.8 (33.77) 67.9 (38.8, 93.5) < 0.001
Right lateral flexion 38.8 (17.64) 40.8 (24.3, 51.8) 19.8 (13.30) 20.0 (7.2, 28.7) 0.001
Left lateral flexion 40.4 (17.92) 37.8 (31.6, 54.9) 22.6 (15.33) 19.8 (9.4, 35.7) 0.004
Lateral flexion total 78.8 (35.15) 74.6 (58.7, 106.0) 41.9 (27.87) 40.7 (14.9, 65.5) 0.002
Right rotation 71.6 (23.55) 77.8 (59.3, 88.7) 49.8 (21.25) 50.3 (34.5, 67.7) 0.001
Left rotation 68.7 (19.88) 69.3 (64.7, 77.8) 47.2 (21.94) 51.2 (27.1, 62.0) 0.002
Rotation total 139.6 (41.47) 149.6 (126.4, 164.3) 96.7 (41.69) 101.6 (62.4, 129.2) 0.001

Shoulder
Flexion 160.1 (19.35) 153.7 (144.9, 181.1) 123.3 (28.33) 131.5 (103.3, 147.4) < 0.001
Extension 63.3 (14.79) 65.6 (58.4, 72.4) 49.9 (15.85) 51.2 (38.7, 57.9) 0.006
Flexion + extension 220.7 (27.46) 216.4 (205.6, 243.9) 171.5 (39.68) 183.6 (138.1, 202.4) < 0.001
Abduction 156.0 (21.98) 160.5 (132.4, 172.3) 113.8 (30.24) 113.5 (90.7, 135.0) < 0.001
External rotation 64.9 (11.51) 63.5 (54.7, 78.1) 39.9 (12.09) 36.9 (30.9, 50.0) < 0.001

* Assessed using Mann-Whitney test.

Table 5. Associations between Fastrak-measured movements and patient assessed health instruments
(Spearman correlation coefficient)*.

RLDQ BASDAI ASQoL EQ-5D EQ-VAS PCS MCS

Cervical spine
Flexion 0.77 0.66 0.63 0.61 0.65 0.60 0.22
Extension 0.58 0.53 0.41 0.39 0.46 0.41 0.10
Flexion + extension 0.67 0.62 0.52 0.50 0.54 0.53 0.15
Right lateral flexion 0.64 0.57 0.45 0.44 0.42 0.46 –0.01
Left lateral flexion 0.58 0.52 0.35 0.37 0.40 0.41 0.04
Lateral flexion total 0.63 0.53 0.41 0.42 0.41 0.45 0.03
Right rotation 0.63 0.60 0.43 0.46 0.48 0.50 0.05
Left rotation 0.64 0.57 0.46 0.48 0.40 0.45 0.15
Rotation total 0.66 0.62 0.46 0.49 0.45 0.50 0.10

Shoulder
Flexion 0.67 0.72 0.55 0.63 0.50 0.64 0.36
Extension 0.56 0.51 0.50 0.58 0.38 0.48 0.32
Flexion + extension 0.72 0.72 0.63 0.68 0.56 0.67 0.39
Abduction 0.70 0.70 0.60 0.60 0.54 0.55 0.40
External rotation 0.58 0.48 0.51 0.51 0.45 0.45 0.11

* Positive correlation indicates larger ROM is associated with a better health score on the instrument. RLDQ:
Revised Leeds Disability Questionnaire; BASDAI: Bath AS Disease Activity Index; ASQoL: AS Quality of
Life; EQ-5D: EuroQuol; EQ-VAS: EQ “thermometer” visual analog scale; PCS: physical component score;
MCS: mental component score.
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While there were clear Fastrak cervical spine and shoul-
der ROM differences between patients giving different rat-
ings at baseline of their own AS-specific health, responsive-
ness of these Fastrak measurements still needs to be inves-
tigated. This should be over a period longer than 3 months,
where, in those patients with stable disease, little change in
AS-specific health is expected. For example, in our study, at
3 months, 30 patients stated their AS-specific health was the
same as baseline, only 4 stated it was better, and 6 worse.

The stronger relationship found with the patient assessed
health instrument scores for some of the shoulder measure-
ments compared to the cervical spine is surprising, given
that shoulder ROM is seldom assessed in AS patients.
However, in a postal study of members of the UK National
Ankylosing Spondylitis Society (NASS), 43% declared
moderate or severe shoulder pain, and 44% moderate or

severe stiffness36. The shoulder movements may be more
related to work and physical activities measured by the
patient assessed health instruments than the cervical spine
movements, and suggests the importance of this joint in AS.
Both are most highly correlated with the RLDQ. Three of
the 4 items in the RLDQ neck mobility section relate to
activities that would involve movement in the
flexion/extension plane: looking at things on a high shelf,
opening high windows, and drinking. The latter 2 would
also involve shoulder flexion. The correlations and the mul-
tilevel models suggest it is limitation in shoulder flexion
and abduction and cervical spine flexion that most reflect
problems in everyday life. Limited cervical spine lateral
flexion may have little influence on function. Limited cer-
vical spine rotation may restrict a range of functional activ-
ities including sleeping position and intimate contact with a

2213Jordan, et al: Range of motion in AS

Table 7. Final multilevel models of patient assessed health instruments*.

RLDQ BASDAI ASQoL EQ-5D PCS MCS

Fixed coefficient (standard error)
Constant –0.126 (0.103) 4.547 (0.290) 0.008 (0.109) –0.017 (0.098) –0.060 (0.103) 0.020 (0.126)
Shoulder flexion 0.013 (0.003)
Shoulder abduction –0.011 (0.003) –0.032 (0.009) –0.011 (0.002) 0.008 (0.003)
Shoulder flexion + extension 0.012 (0.002)
Cervical spine flexion –0.017 (0.004) –0.029 (0.014) 0.013 (0.005)
BMI 0.046 (0.020)

Random
Level 2 variance (SE) 0.287 (0.068) 3.582 (0.818) 0.551 (0.118) 0.358 (0.095) 0.431 (0.104) 0.632 (0.155)
Level 1 variance (SE) 0.098 (0.016) 0.841 (0.142) 0.077 (0.012) 0.241 (0.039) 0.158 (0.027) 0.263 (0.045)
No. of parameters 6 5 4 4 5 4
–2* log (like) 165.150 425.458 181.107 249.372 211.245 265.940

* RLDQ, ASQoL, EQ-5D, PCS and MCS (for definitions see Table 5) are their Normal scores. All ROM are mean-centred. Lower scores on RLDQ, BAS-
DAI and ASQoL indicate improvement.

Table 6. Associations between Fastrak-measured movements and tape measure assessed movements
(Spearman correlation coefficient)*.

Modified Schober Fingertip to Cervical Spine Cervical Spine
Index Floor Distance Rotation–Right Rotation–Left

Cervical spine
Flexion 0.60 0.56 0.88 0.88
Extension 0.58 0.45 0.86 0.83
Flexion + extension 0.61 0.52 0.90 0.89
Right lateral flexion 0.63 0.46 0.81 0.80
Left lateral flexion 0.61 0.47 0.83 0.80
Lateral flexion total 0.63 0.48 0.84 0.82
Right rotation 0.58 0.52 0.90 0.88
Left rotation 0.54 0.47 0.87 0.89
Rotation total 0.59 0.53 0.91 0.91

Shoulder
Flexion 0.47 0.57 0.52 0.55
Extension 0.29 0.36 0.29 0.33
Flexion + extension 0.47 0.56 0.56 0.60
Abduction 0.52 0.54 0.53 0.53
External rotation 0.38 0.52 0.50 0.48

* Positive correlation indicates larger Fastrak-measured ROM is associated with a larger tape measured ROM.
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partner37. However, patients may learn to adapt to the dis-
ease and adjust their functional expectations accordingly.
Consequently, whole-body movements may be a substitute
for cervical rotation. However, this study adds to previous
reports that show cervical spine rotation to be a valid, reli-
able, responsive, and practical method of assessment of AS
when measured by tape measure17,21,28.

It is still evident that there is not a substantial relation-
ship between shoulder and cervical spine ROM and patient
assessed health. This further illustrates the different roles
described by ROM assessment and patient assessed health
instruments in the evaluation of AS, and the need to address
both these aspects of evaluation to reflect the multidimen-
sional nature of AS.

The participation rate of 63% for this study was accept-
able, and comparisons between participants and nonpartici-
pants suggested there were no major differences. While
those who participated in all 3 measurement occasions were
older than those just participating in one or 2, there was no
difference in baseline ROM measurements. Patients invited
to participate in the study were regular attendees to the
rheumatology center, which gave easier access than a com-
munity study of AS patients. Additionally, these patients
presented with a wide variety of ROM limitation. This sug-
gests the results are generalizable to patients with diagnosed
AS regularly consulting in secondary care rather than all
patients with AS. However, those who do not attend exer-
cise classes or clinics may have milder disease38.

The Fastrak showed good repeatability and validity in
both cervical spine and shoulder movement in the primary
plane in this group of AS patients. Benefit would now be
gained from research in further assessing the value of the
Fastrak in measuring, for example, lumbar spine and hip
movement in AS and in exploring the movements in the sec-
ondary planes. A possible method of analyzing the 3-dimen-
sional measuring capabilities of the Fastrak, and the use of
sensors placed on different parts of the body, for both
patients and healthy subjects has been described39. User-
friendly software and standardized protocols mean Fastrak
operators in clinical research require limited training and
only a basic level of computer skills. However, research on
the Fastrak and other 3-dimensional measuring tools is in its
infancy, and there are still practical issues to be overcome
before they could be readily used in clinical practice40.
Once this occurs, the Fastrak could usefully aid the clinical
assessment of AS.
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