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Abstract

Background: Ankylosing spondylitis is a major chronic rheumatic disease that predominantly affects axial joints,
determining a rigid spine from the occiput to the sacrum. The dorsal hyperkyphosis may induce the patients to
stand in a stooped position with consequent restriction in patients’ daily living activities. The aim of this study was
to develop a method for quantitatively and objectively assessing both balance and posture and their mutual
relationship in ankylosing spondylitis subjects.

Methods: The data of 12 healthy and 12 ankylosing spondylitis subjects (treated with anti-TNF-α stabilized), with a
mean age of 51.42 and 49.42 years; mean BMI of 23.08 and 25.44 kg/m2 were collected. Subjects underwent a
morphological examination of the spinal mobility by means of a pocket compass needle goniometer, together with an
evaluation of both spinal and hip mobility (Bath Ankylosing Spondylitis Metrology Index), and disease activity (Bath
Ankylosing Spondylitis Disease Activity Index). Quantitative evaluation of kinematics and balance were performed
through a six cameras stereophotogrammetric system and a force plate. Kinematic models together with a test for
evaluating balance in different eye level conditions were developed. Head protrusion, trunk flexion-extension, pelvic tilt,
hip-knee-ankle flexion-extension were evaluated during Romberg Test, together with centre of pressure parameters.

Results: Each subject was able to accomplish the required task. Subjects’ were comparable for demographic
parameters. A significant increment was observed in ankylosing spondylitis subjects for knee joint angle with the target
placed at each eye level on both sides (p< 0.042). When considering the pelvic tilt angle a statistically significant
reduction was found with the target placed respectively at 10° (p= 0.034) and at 30° (p= 0.019) less than eye level.
Furthermore in ankylosing spondylitis subjects both hip (p= 0.048) and ankle (p= 0.029) joints angles differs
significantly. When considering the posturographic parameters significant differences were observed for ellipse, center
of pressure path and mean velocity (p< 0.04). Goniometric evaluation revealed significant increment of thoracic
kyphosis reduction of cervical and lumbar range of motion compared to healthy subjects.

Conclusions: Our findings confirm the need to investigate both balance and posture in ankylosing spondylitis
subjects. This methodology could help clinicians to plan rehabilitation treatments.
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Background
Ankylosing spondylitis (AS) is a major chronic rheum-
atic disease that predominantly affects axial joints, deter-
mining a diffuse stiffness and with the advanced stage
producing a rigid spine from the occiput to the sacrum,
for a chronic process of inflammation of the fibrous con-
nective and bone in the tendon and ligament insertions
[1-6]. Prevalence rates of people affected by AS ranges
between 0.2% and 1.1% (0.9% in northern European
white population) [7,8]. Young population are primarily
affected (average age of diagnosis being 24 years), more
male than female [7,8].
Sacroiliitis is the distinctive characteristic of AS, with

consequent pain in sacral and gluteus region [4]. Also a
possible extension of the pain from the thigh to the
proximal calf, with alternated course between the two
lower limbs have been reported in association with AS
[3]. Hence, the clinical manifestations of AS are pain,
stiffness, fatigue, reduced spinal mobility and respiratory
restriction. Early limitation of spinal mobility has also
been identified as one of the most relevant prognostic
factors [8]. Other registered symptoms and objective
clinical signs of AS are precocious loss of lumbar lordo-
sis, increased dorsal kyphosis and inversion of cervical
lordosis, abdominal relaxation for diaphragm breath, hip
flexion contracture and consequent knee flexion com-
pensation [2,9].
Some authors reported that the dorsal hyperkyphosis

may induce the patients to stand in a stooped position
unable to see the horizon [3,5,8]. The main drawback of
such condition being the consequent restriction in
patients’ daily living activities such as interpersonal com-
munication, driving a car, walking down the street or
maintaining personal hygiene [2,4].
Spinal kyphosis in AS subjects has also been associated

with a forward and downward shift of the centre of mass
(CoM) of the trunk in the sagittal plane, thus inducing a
forward and downward shift of the body’s CoM with re-
spect to the base of support [3,5,8]. It has been hypothe-
sized that in AS subjects extension of the hips, flexion of
the knees and plantar flexion of the ankles may counter-
balance the forward shift of the body CoM relative the
base of support [5,8].
However, to date there has been few studies determining

the effect of AS on balance.. Some authors [5] documen-
ted balance alterations on a significant proportion of AS
patients both in eyes open and eyes closed conditions,
meanwhile Aydog et al. [3] reported AS has no negative
effect on postural stability. In their study a clinically sig-
nificant association was found only between dynamic pos-
tural balance and tragus to wall distance. Furthermore the
authors have already demonstrated the presence of bio-
mechanics alterations during walking in a group of AS
subjects [10]. Statistically significant alterations were
observed in the sagittal plane at each joint (P < 0.049), to-
gether with hip and knee joint extension moments reduc-
tion (P< 0.044) [10].
Loss of balance in AS patients may be associated with

severe joint deformities and poor posture. Moreover loss
of balance may increase the risk of falls. However in the
literature, results concerning assessment of balance in
AS subjects are contradictories [3,5,8].
Given this scenario it appears the need of performing

an exhaustive evaluation of the consequences of AS also
on balance and posture in static conditions. This paper,
specifically addressed to the static analysis of the AS
subjects’ posture, describes the experimental method
developed herein in order to assess the biomechanical
features in the interaction between balance and posture.
As methodological development it was applied on a lim-
ited sample of subjects to verify feasibility and validity
before being transferred to a wide population of subjects.
Hence, a quantitative multi-factor analysis was applied
in static conditions, as previously performed during gait
[10]. Moreover the methodology proposed herein enables
to assess posture’s modification during balance alterations.
This allows identification of distinct postural strategies
used by AS subjects in order to cope with poor balance.
This was accomplished by means of clinical and in-

strumental analysis, which allows quantitative evaluation
of kinematic and balance through motion capture sys-
tems and force plates. In this context a kinematic model
was developed together with a test for evaluating balance
in different eye level conditions like what was previously
performed in Benedetti et al. [11] while evaluating the
effects of a physical activity program on flexed posture
elderly individuals.

Methods
Subjects
Twelve healthy (control subjects (CS)) and twelve AS
subjects have been analyzed, with a mean age respect-
ively of 51.42 (13.91) and 49.42 (10.47) years; a mean
BMI respectively of 23.08 (2.37) and 25.44 (3.19) kg/m2

(10 female and 14 male). The mean of AS subjects dis-
ease duration was 9.64 ± 6.6 years. Inclusion criteria
were: all patients with AS met the most recent modified
New York criteria [9] and were treated with anti-TNF-α
with a stable clinical picture (i.e., with a change in the
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI: score between 1 and 10) of no more than± 1/
10 units in the previous 3 months [1].
Exclusion criteria were age older than 70 years, con-

comitant cardiovascular, neurological or psychiatric dis-
ease, and severe visual or auditory impairments (reduced
visual acuity was accepted if adequately corrected).
Patients with other orthopedic disease or previous sur-
gery at the spine and on the lower extremities were also
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excluded. All AS subjects were consecutively recruited
from the patients attending the outpatient clinic of the
Rehabilitation Department of the University of Padova
(Italy). CS consisted of normal subjects enrolled among
health personnel of the same Rehabilitation Department;
all these subjects had no neurological or orthopedic dis-
ease and no severe visual or auditory impairments. The
study was approved by the hospital’s ethics committee
and informed consent was obtained from all patients
and controls.

Clinical assessment
Patients were evaluated [10] by means of the Bath
Ankylosing Spondylitis Metrology Index (BASMI) [12],
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) [13] and Bath Ankylosing Spondylitis Func-
tional Index (BASFI) [14].
The manual muscle strength test was performed

on the lower limbs using Medical Research Council
Score [15].
Subjects underwent a morphological examination of the

spine using a specific assessment tools [16]. Both thoracic
kyphosis and lumbar lordosis were measured in ortho-
static position and the active range of motion (A-ROM) of
cervical, thoracic and lumbar spine were evaluated by
means of a pocket compass needle goniometer (Incli-
MedW, patent N° 0001331516, University of Padova) [16].
In this context three angles were measured with the

subject standing barefoot while the goniometer was
placed orthogonal to the spine in the following three
positions (see Figure 1):

– T1: under the spinous process of vertebra C7 (α =
angle between T1 and vertical axis)

– T12: in correspondence of the spinous process of
vertebra T12 (β = angle between T12 and vertical
axis)

– S2: in correspondence of the line connecting the
posterior superior iliac spines (γ = angle between S2
and vertical axis).

A measure of the thoracic kyphosis was then obtained
by combining the angle between T1 and T12 (α + β),
and a measure of the lumbar lordosis by combining the
angle between T12 and S2 (β + γ).
In order to evaluate the cervical A-ROM the subject

was asked to perform one cervical flexion and extension,
right and left rotation and inclination on the right and
left side while seating with the goniometer fixed as in
Figure 1. The latter was then secured to the arms (see
Figure 1) by a Velcro strap when evaluating the thoraco-
lumbar rotation. Lumbar flexion-extension was recorded
by means of the goniometer positioned orthogonal to
the spine in correspondence of T12 and of S2 (following
the above described instructions). The subject was then
asked to stand with his knee straighten and to perform
the maximum flexion and the maximum extension. The
trunk flexion comprises the contribution of two compo-
nents, one lumbar (measured by means of a goniometer
positioned in correspondence of T12) and one sacral
(measured by means of a goniometer positioned in cor-
respondence of S2), hence the lumbar flexion-extension
angle was obtained as the difference between the angles
measured respectively at T12 and S2 in these positions.
The lateral thoraco-lumbar inclination was evaluated
with the subject standing and positioning the goniom-
eter flat and parallel to the spine in correspondence of
T12 fixed by a Velcro [16].

Instrumental assessment
Posture was evaluated by means of a six cameras stereo-
photogrammetric system (60-120 Hz, BTS S.r.l., Padova,
Italy) synchronized with a Bertec force plate (FP4060-10,
960 Hz). A modified version of Leardini et al. 2007
[10,11,17,18] was adopted for the kinematic analysis based
on the Cast Protocol [19] which entails the application of
3 extra reflective markers on the head in correspondence
of glabella, right and left temporomandibular joints. The
following joint angles in the sagittal plane were evaluated
as [11,17,18].

– head protrusion (HP): the supplementary angle to
the angle between head and upper trunk upper
trunk flexion-extension (UTFE): the angle between
upper trunk (defined by means of the 7th cervical
vertebra and the right and left acromions) and trunk
(see Figure 2)

– trunk flexion-extension (TFE): the angle between
trunk (defined by means of the 5th lumbar vertebra
and the right and left acromions) and pelvis (see
Figure 2)

– pelvic tilt (PT): is the angle of rotation about the
medio-lateral axis of the pelvis

– right and left hip flexion-extension (rHFE, lHFE):
the angle between pelvis and femur

– right and left knee flexion-extension (rKFE, lKFE):
the angle between femur and shank

– right and left ankle flexion-extension (rAFE, lAFE):
the angle between shank and foot

Subjects were asked to stand for 60 seconds in an up-
right position over the force plate, with the feet 30° apart
and their arms along the body and to look at a small
achromatic circular target placed about 1 meter from
the eyes [18,20], at 7 different heights: eye height, ±10°,
±20°, ±30° than their eye level (e.l.). Romberg test was
also performed entailing performing two static acquisi-
tions (stand for 60 seconds in an upright position over



Figure 1 Subjects while undergoing a morphological examination of the spine using a specific assessment tool. Both kyphosis and
lumbar lordosis were measured and the range of motion of cervical and thoraco-lumbar spine through a pocket compass needle goniometer
(IncliMedW). From the top to the bottom and from left to right: first the subject is standing barefoot while the goniometer is placed orthogonal
to the spine in correspondence of vertebra T12 performs the maximum extension with his knee straighten, and with two goniometers placed in
T12 and S2 performs the maximum flexion of thoraco-lumbar spine; the subject stands and the goniometer is positioned flat and parallel to the
spine in correspondence of T12 and performs the lateral thoraco-lumbar inclination; the subject seats with the goniometer fixed in neutral
position; in this position the subject performs one head flexion and extension; the subject seats with the goniometer fixed in neutral position; the
subject performs one head lateral left and right inclination; the subject seats with the goniometer fixed in neutral position; the subject performs
left and right thoraco-lumbar rotation.
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Figure 2 Description of the joint angles in the sagittal plane.
Head protrusion (a), trunk flexion-extension (b), pelvic tilt (c), hip
flexion-extension (d), knee flexion-extension (e), ankle flexion-
extension (f).
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the force plate, with the feet 30° apart and their arms
along the body), one in eyes open (e.o.) and one in eyes
closed (e.c.) conditions. Both kinematic and centre of
ground reaction forces data were collected.
The total body center of pressure (CoP) trajectory over

the support surface was computed from the vertical
force of the force platform, which were recorded for
60 seconds at 960 Hz and then filtered by a 3rd order,
low-pass Butterworth filter (cut-off frequency 5 Hz). The
first 20 seconds of the acquisition were excluded from
the analysis [18,21,22].
A total of 9 CoP measures were computed from the

CoP displacement in the horizontal plane [21-24]. In the
time domain, we obtained 3 measures that characterized
the CoP trajectory over the support surface, 2 measures
that estimated the area covered by the CoP, and 3 mea-
sures that estimated the velocity of body sway over the
support surface. The following CoP-based measures were
computed [21,22]: Sway area (area included in CoP dis-
placement per unit of time (mm2/s)), Ellipse 95%, the CoP
coordinate time series, the CoP coordinate time series in
antero-posterior (AP) and medio-lateral (ML) directions,
mean velocity (total CoP trajectory length/trial duration
(mm/s)), mean velocity in AP and ML directions.

Statistical analysis
Continuous data were summarized in terms of means and
standard deviation of the mean. The differences between
AS and CS were investigated by means of the unpaired T-
Test followed by a Tukey-Kramer test (Matlab software
function Ttest) when the variances were homogenous
(verified with Lilliefors test, Matlab software function lil-
lietest) and the Kruskal-Wallis test (Matlab software func-
tion kruskalwallis) followed by a Tukey-Kramer test when
the variances were not homogeneous; p-values under 0.05
were considered to be significant. Subjects who averaged
more than 3.5 standard deviations from the mean were
classified as outliers and removed from the statistical ana-
lysis [25].
The evaluation of the confidence intervals for the

observed proportions was performed with the staRt Pack-
age of R statistical software [26].

Results
Each subject was able to accomplish the required task.
Subjects’ demographic and clinical characteristics were
reported in Table 1. The mean BASMI, BASDAI and
BASFI scores were respectively 3.38 (1.26), 2.50 (1.59),



Table 1 Subjects demographic and clinical characteristics (mean and standard deviation)

CS AS P

Age [years] 51.4 (13.9) 49.4 (10.5) 0.694

Sex (male/female) 6/6 8/4 0.430

Disease duration [years] 9.6 (6.6)

BMI [kg/m2] 23.1 (2.4) 25.4 (3.2) 0.052

Kyphosis 45.3 (9.4) 54.8 (12.2) 0.044*

Lordosis 36.2 (11.2) 28.8 (14.7) 0.182

Pelvic anteversion 5.7 (2.3) 1.00 (3.6) 0.016*

Flexion-extension of lumbar spine 69 (14.8) 31.3 (13.8) 0.001*

Lateral inclination of thoraco-lumbar spine 58.5 (13.3) 29.1 (18.2) 0.001*

Rotation of thoraco-lumbar spine 90.3 (12.8) 70.2 (23.9) 0.016*

Total range of motion of thoraco-lumbar spine 221.5 (30.1) 130.7 (44.7) 0.001*

Flexion-extension of cervical spine 121.2 (15.0) 90.5 (32.8) 0.007*

Lateral inclination of cervical spine 78.4 (10.5) 52.8 (23.7) 0.002*

Rotation of cervical spine 118.3 (15.5) 102.08 (39.0) 0.193

Total range of motion of cervical spine 318.0 (25.0) 245.4 (84.7) 0.009*

* Statistical significance (P< 0.05).
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2.22 (1.32). The manual muscle test showed normal of
strength. Goniometric evaluation revealed in AS subjects
a significant increment of thoracic kyphosis but no lumbar
lordosis, and a significant reduction of both cervical and
lumbar A-ROM was registered compared to healthy sub-
jects. A box plot representation of the results obtained
from both joint angles and posturographic parameters has
been reported in Figures 3 and 4. In this contest the data
relative to subjects identified as outliers were also reported.
Statistically significant differences were observed for knee
joint angle with the target placed at each e.l. on both sides
(p< 0.042). When considering the pelvic tilt angle statisti-
cally significant differences were found with the target
placed respectively at 10° (p= 0.034) and at 30° (p=0.019)
less than e.l. Furthermore the left side registered significant
differences in correspondence of hip (at e.l. p = 0.048) and
ankle (at 10° less than e.l., p = 0.029) joints.
When considering the posturographic parameters

results on healthy subjects were found consistent with
previous literature [21]. Significant differences were
observed, between AS and CS for the following vari-
ables: ellipse in e.c. condition (p = 0.03), CoP path in ML
direction in e.o. condition (p = 0.007), CoP mean velocity
in e.o. condition (p = 0.04), CoP mean velocity in ML
direction in e.o. condition (p = 0.02), ellipse (p = 0.02)
with the target placed at +20° than their eye level.
Nevertheless the mean velocity AP registered a p value
of 0.05 when the target was placed at 30° less than e.l.

Discussion
The key finding of the present paper is that instrumental
assessment of both balance and posture allowed us to
measure either the global postural alignment or spine
mobility and its influence on AS balance. Only clinical
and non invasive instrumental evaluation of the spine
were performed on each subject within the present
study. This was chosen in agreement with Assessment in
Spondyloarthritis International Society (ASAS), whose
guidelines suggests that disease monitoring of patients
with AS should include: patient history (for example,
questionnaires), clinical parameters, laboratory tests, and
imaging. The frequency of monitoring should be decided
on an individual basis depending on symptoms, severity,
and drug treatment [1]. In patients with AS in TNF
alpha treatment the imaging assessments should be per-
formed at baseline, but more rarely in the follow up.
The experimental set up can be considered simple and

the study was carried out with a good compliance by the
patients. Nowadays three dimensional motion analysis is
highly diffuse in clinical settings [23], and allows quanti-
tative and objective evaluation of biomechanics para-
meters while subjects are performing specific tasks. In
the present study it was successfully applied to quantita-
tively evaluate both AS subjects’ balance and posture
during standing.
AS subjects exhibited a poor posture with reduced pel-

vic anteversion and excessive trunk and knee flexion dis-
played at each task, even though only the last one
resulted statistically significant. These postural modifica-
tions could be associated with a forward and downward
shift of the CoM of the trunk in the sagittal plane, which
has been previously assessed in relation to an excessive
thoracic kyphosis [3]. In particular, excessive knee
flexion has been described by other authors as a typical



Figure 3 (See legend on next page.)
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(See figure on previous page.)
Figure 3 Boxplots of the kinematic parameters: Ankylosing spondylitis (AS) in red, Control Subjects (CS) in blue. Horizontal axis depicts
the 7 eyes eights (eyes level = e.l.); from top to bottom vertical axes represent: the head protrusion (HP), the upper trunk flexion-extension (UTFE),
the trunk flexion-extension (TFE), the pelvic tilt (PT) (Figure 3a), the right hip flexion-extension (rHFE), the right knee flexion-extension (rKFE), the
right ankle flexion-extension (rAFE), the left hip flexion-extension (lHFE), the left knee flexion-extension (lKFE), and the left ankle flexion-extension
(lAFE) (Figure 3b). * Statistical significance (P< 0.05).
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characteristic of AS posture which, as a major conse-
quence, produces earlier fatigue than standing with
extended legs due to considerable effort of quadriceps
muscle [27]. The present method was also able to high-
light a changing in AS posture strategy when target was
placed at 10° less than e.l. In this condition AS subjects’
ankle dorsiflexion increased while both their pelvic ante-
version and hip flexion were reduced. Furthermore a re-
duction in pelvic anteversion was observed also at 30°
less than e.l. This could determine hip joint extensor
muscle contractures. However this extension of the hips
and a posterior rotation of the pelvis could serve as a
strategy in order to improve their field of vision, as was
previously hypothesized by Bot et al. [8]. The same can
be assessed for the reported increment in ankle and knee
flexion that represents a compensatory mechanism to
the displacement of the trunk CoM. Indeed also Bot
et al. [8] reported similar results for three out of four AS
patients, when asked to adopt a posture, which enables
them to see the horizon. With regard to relationships
between postural instability and spinal curvature this has
been assessed for osteoporosis-related kyphosis subjects
[28]. In these patients were also registered excessive
thoracic kyphosis and presence of compensatory modifi-
cations of the lumbar lordosis [29]. Even though the
study was carried out on a different population, it has
been reported that patients with thoracic hyperkyphosis
displayed greater use of hip or ankle joint to maintain
balance. This was justified with the significantly lower
both hip abductor and weight-bearing muscles strength
registered in osteoporosis-related kyphosis subjects [28-
31]. A similar condition can be hypothesized also in AS
subjects where reduced capacity of shock absorption has
been also documented, which could be associated with
weakness of weight-bearing muscles [10,32]. An overall
analysis of results of the postural analysis revealed the
presence of a strategy in order to maintain their balance
while performing different tasks in AS subjects. So far
these subjects answer to an increment of their knee
flexion with a dorsiflexed ankle. They answer to an in-
crement of the head protrusion with an increment of the
trunk flexion and a reduction of the upper trunk flexion
angle. Since AS pathology affects axial joints the above
described strategy was accomplished bilaterally. The
angles chosen in the postural instrumental assessment
can be considered clinical meaningful; indeed they can
be referred to precise compensatory axial deviations to
kyphosis. This has been previously reported also by
Benedetti et al. [11] in the assessment of elderly subjects
posture. Based on these results, we can suggest that in
a rehabilitative program for AS subjects it could be use-
ful introducing exercises for strengthening weight-
bearing muscles: strengthening the back extensor could
counterbalance the attitude to flexed posture, mean-
while strengthening and stretching the muscle of the
kinetics posterior muscular chain (as hamstrings and
triceps muscles) could either reduce the fatigue or in-
crease the endurance. This finds agreement in Masiero
et al. 2011 [16].
While considering the proposed instrumental balance

evaluation test it included postural assessment during
different conditions. This was chosen in order to evalu-
ate the ability of AS subject to cope with a posture,
which prevents them from seeing the horizon. As
expected AS people who are characterized by a stoop
posture when asked to watch a target at a higher or
lower level than eyes eight adopted compensation strat-
egies. In particular they increased their knee flexion with
a dorsiflexed ankle. It should be noticed that this specific
methodology allows identifying the presence of balance
impairment in AS subjects. Indeed an increment of both
Ellipse and CoP path was observed on each task with re-
spect to the CS group, their mean values representing
twice the one of CS group. Furthermore the values of
these parameters increased drastically for the task of
±20° and ±30° than e.l. These preliminary findings seem
to suggest the presence of balance impairment in corres-
pondence of an increment of the target angle in both
directions. This could be associated with their character-
istic stooped posture together with excessive kyphosis,
which by changing their trunk CoM position could affect
their balance. Furthermore apparently in contrast with
the literature [8] AS subjects displayed balance impair-
ment also during Romberg test both in e.c. and e.o. con-
dition. These results suggest that AS subjects balance
problems should be taken into account when planning a
rehabilitative treatment. In this context proprioceptive
exercise that increases both the static and dynamic pos-
tural stability should be included.
When considering the clinical characteristics of the

studied subjects it should be taken into account that AS
and CS subjects were comparable for demographic



Figure 4 Boxplots of the posturographic parameters: Ankylosing spondylitis (AS) in red Control Subjects (CS) in blue. Horizontal axis
depicts the 7 eyes eights (eyes level = e.l., eyes closed = e.c.); from top to bottom vertical axes represent: the ellipse 95% (Ellipse95%), the sway
area (Sway Area), the total path (Path), the path in medio-lateral direction (Path ML), the path in anterior-posterior direction (Path AP) (Figure 4a),
the total mean velocity (Mean Velocity), the mean velocity in medio-lateral direction (Mean Velocity ML), and the mean velocity in anterior-
posterior direction (Mean Velocity AP) (Figure 4b). * Statistical significance (P< 0.05).
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parameters. BASMI, BASDAI and BASFI scores of our
patients were found to be lower than the patient scores
in other studies (at variance with previous literature our
patients were treated with anti-TNF-α) [30,31,33-35]. In
order to allow clinicians to take advantage of this meth-
odology the present paper reported also the clinical pos-
tural assessment as reported in the literature [8,9,11,33].
When comparing the multidimensional goniometric
clinical assessment a statistically significant increment
was noticed in AS kyphosis angle (p = 0.044), AS pelvic
retroversion (p = 0.01) together with a reduction in the
A-ROM of cervical and lumbar spine on each plane
(p < 0.016) with the exclusion of the cervical rotation.
These results were found in agreement with the conse-
quences of AS reported in the literature which affecting
the axial joints, determines a diffuse stiffness and pro-
duces a rigid spine from the occiput to the sacrum [3].
Finally it can be hypothesized that these results could be
related to the Pelvis–shoulder coordination alterations
found by Mangone et al. in AS subjects [36], even
though their findings were related to walking conditions.

Conclusions
A method to assess both balance and posture in AS sub-
jects was developed. The former combines clinical and
instrumental analysis in order to obtain quantitative
evaluation of kinematic and balance through motion
capture systems and force plates. In this context a kine-
matic model was developed together with a test for
evaluating balance in different eye level conditions. AS
subjects exhibited significant increment in their kyphosis
angle, pelvic retroversion and a reduction in the A-ROM
of cervical and lumbar spine. A significant increment
was observed in AS knee joint angle together with a
reduction of pelvic tilt angle. Finally the CoP path
increased significantly during Romberg Test in eyes
closed condition (p = 0.04). The methodology allowed
identification of the relationship between kinematic and
balance alterations during static posture. Results could
be considered very useful as baseline for clinician who
should plan exercise protocols or rehabilitation treat-
ments [16,29,30,34,35,37]. Of course further studies in-
cluding a larger sample of subjects should be performed
in order to confirm our results.

Competing interests
Each of the authors has read and concurs with the content in the final
manuscript. The contributing authors guarantee that this manuscript has not
been submitted, nor published elsewhere. Each of the authors declares that
don’t have any financial and non-financial competing interests.

Authors' contributions
Each of the authors has read and concurs with the content in the final
manuscript. ZS, EC, SM and CC participated in conceiving the study. ZS, EC,
SM and CC participated in its design and coordination and carried out the
drafting of the manuscript. SD helped to draft the manuscript. ZS, AG, SD
carried out the experimental part of the study relatives to the motion
analysis data collection and carried out and coordinated the data analysis.
AG, SD participated to the experimental part of the study relatives to the
motion analysis data collection and performed the data analysis. EC, LB
carried out the experimental part of the study relatives to the clinical
evaluation and participated to the motion analysis data collection. LP made
the diagnosis of AS, followed the pharmacological treatment and supervised
the manuscript. All authors read and approved the final manuscript.

Acknowledgements
We acknowledge Roberta Ramonda, Alessandro Lo Nigro and Roberta
Guglielmin for their support in the subjects’ clinical evaluation.
We acknowledge Martina Negretto at the Bioengineering of Human
Movement Laboratory (Department of Information Engineering, University of
Padova) for her assistance in collecting the data.

Author details
1Department of Information Engineering, University of Padova, Padova, Italy.
2Department of Rehabilitation, University of Padova, Padova, Italy.
3Rheumatology Unit, Department of Clinical and Experimental Medicine,
University of Padova, Padova, Italy.

Received: 13 February 2012 Accepted: 13 August 2012
Published: 29 August 2012

References
1. Zochling J, van der Heijde D, Burgos-Vargas R, Collantes E, Davis JC Jr,

Dijkmans B, Dougados M, Géher P, Inman RD, Khan MA, Kvien TK, Leirisalo-
Repo M, Olivieri I, Pavelka K, Sieper J, Stucki G, Sturrock RD, van der Linden
S, Wendling D, Böhm H, van Royen BJ, Braun J: ASAS/EULAR
recommendations for the management of ankylosing spondylitis.
Ann Rheum Dis 2006, 65:442–452.

2. Swinkels A, Dolan P: Spinal Position Sense and Disease Progression in
Ankylosing Spondylitis, A Longitudinal Study. Spine 2004, 29:1240–1245.

3. Aydog E, Depedibi R, Bal A, Ekşioglu E, Unlu E, Çakci A: Dynamic postural
balance in ankylosing spondylitis patients. Rheumatology 2006, 45:445–448.

4. Rudwaleit M, Landewé R, van der Heijde D, et al: The development of
assessment of spondyloarthritis international society classification criteria
for axial spondyloarthritis (part I): classification of paper patients by expert
opinion including uncertainty appraisal. Ann Rheum Dis 2009, 68:770–776.

5. Murray HC, Elliott C, Barton SE, Murray A: Do patients with ankylosing
spondylitis have poorer balance than normal subjects? Rheumatology
2000, 39:497–500.

6. Olivieri I, van Tubergen A, Salvarani C, van der Linden S: Seronegative
spondyloarthritides. Best Pract Res Clin Rheumatol 2002, 16:723–739.

7. Paladini F, Taccari E, Fiorillo MT, et al: Distribution of HLA-B27 subtypes in
Sardinia and continental Italy and their association with
spondylarthropathies. Arthritis Rheum 2005, 52:3319–3321.

8. Bot SDM, Caspers M, Van Royen BJ, Toussaint HM, Kingma I: Biomechanical
analysis of posture in patients with spinal kyphosis due to ankylosing
spondylitis: a pilot study. Rheumatology 1999, 38:441–443.

9. van der Linden S, Valkenburg HA, Cats A: Arthritis Rheum 1984, 27:361–815.
10. Del Din S, Carraro E, Sawacha Z, Guiotto A, Bonaldo L, Masiero S, Cobelli C:

Impaired gait in ankylosing spondylitis. Med Biol Eng Comput 2011,
49(7):801–809.

11. Benedetti MG, Berti L, Presti C, Frizziero A, Giannini S: Effects of an adapted
physical activity program in a group of elderly subjects with flexed
posture: clinical and instrumental assessment. Journal of Neuroengineering
and Rehabilitation 2008, 5:32.

12. Jenkinson TR, Mallorie PA, Whitelock HC, Gail Kennedy L, Garrett SL, Calin A:
Defining spinal mobility in Ankylosing Spondylitis (AS). The Bath AS
Metrology Index. J Rheumatol 1994, 21:1694–1698.

13. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A: A new
approach to defining disease status in Ankylosing Spondylitis: The Bath
Ankylosing Spondylitis Disease Activity Index. J Rheumatol 1994,
21(12):2286–2291.

14. Calin A, Garrett S, Whitelock H, Kennedy LG, O'Hea J, Mallorie P, Jenkinson T:
A new approach to defining functional ability in Ankylosing Spondylitis:
the development of the Bath Ankylosing Spondylitis Functional Index.
J Rheumatol 1994, 21:2281–2285.

15. Medical Research Council: Aids to the examination of the peripheral nervous
system. London: Memorandum no. 45, Her Majesty's Stationery Office; 1981.



Sawacha et al. Journal of NeuroEngineering and Rehabilitation 2012, 9:63 Page 11 of 11
http://www.jneuroengrehab.com/content/9/1/63
16. Masiero S, Bonaldo L, Pigatto M, Lo Nigro A, Ramonda R, Punzi L:
Rehabilitation treatment in patients with ankylosing spondylitis
stabilized with tumor necrosis factor inhibitor therapy. A randomized
controlled trial. J Rheumatol 2011, 38(7):1335–1342.

17. Leardini A, Sawacha Z, Paolini G, Nativo R, Ingrosso S, Benedetti MG: A new
anatomical based protocol for gait analysis in children. Gait & Posture
2007, 26:560–571.

18. Sawacha Z, Guarneri G, Cristoferi G, Guiotto A, Avogaro A, Cobelli C:
Diabetic gait and posture abnormalities: A biomechanical investigation
through three dimensional gait analysis. Clin Biomech 2009, 24:722–728.

19. Cappozzo A, Catani F, Della Croce U, Leardini A: Position and orientation in
space of bones during movement, anatomical frame definition and
determination. Clin. Biomech 1995, 10:171–178.

20. Kapteyn TS, Njikoktjien CJ, Bles W, Kodde L, Massen CH, Mol JMF:
Standardization in platform stabilometry being a part of posturography.
Agressologie 1983, 24:321–326.

21. Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust BM: Measures
of postural steadiness: differences between healthy young and elderly
adults. IEEE Trans Biomed Eng 1996, 43:956–966.

22. Chiari L, Cappello A, Lenzi D, Della Croce U: An improved technique for
the extraction of stochastic parameters from stabilograms. Gait & Posture
2000, 12:225–234.

23. Baker R: Gait analysis methods in rehabilitation. J Neuroengineering Rehabil
2006, 3:4.

24. Rocchi L, Chiari L, Cappello A: Feature selection of stabilometric parameters
based on principal component analysis. Med Biol Eng Comput 2004, 42:71–79.

25. Schilling RJ, Bollt EM, Fulk GD, Skufca JD, Al-Ajlouni AF, Robinson CJ: A quiet
standing index for testing the postural sway of healthy and diabetic adults
across a range of ages. IEEE Trans Biomed Eng 2009, 56(2):292–302.

26. Fabio F: staRt: Inferenza classica con TI-83 Plus. [http://rss.acs.unt.edu/Rdoc/
library/staRt/html/00Index.html]

27. De Filippis LG, Balestrieri A, Furfari P, Caliri A, Africa A, Bagnato G: Muscle
attivation patterns and gait biomechanics in patients with ankylosing
spondylitis. Reumatismo 2006, 58:132–137.

28. Lynn SG, Sinaki M, Westerlind KC: Balance characteristics of persons with
osteoporosis. Arch Phys Med Rehabil 1997, 78:273–277.

29. Sinaki M, Brey RH, Hughes CA, Larson DR, Kaufman KR: Balance disorder and
increased risk of falls in osteoporosis and kyphosis: significance of kyphotic
posture and muscle strength. Osteoporosis Int 2005, 16:1004–1010.

30. Analay Y, Ozcan E, Karan A, et al: The effectiveness of intensive group exercise
on patients with ankylosing spondylitis. Clin Rehabil 2003, 17:631–636.

31. Karapolat H, Akkoc Y, Sari I, Eyigor S, Akar S, Kirazli Y, Akkoc N: Comparison
of group-based exercise versus home-based exercise in patients with
ankylosing spondylitis: effects on Bath Ankylosing Spondylitis Indices,
quality of life and depression. Clin Rheumatol 2008, 27(6):695–700.

32. Helliwell PS, Smeathers JE, Wright V: Shock absorption by the spinal
column in normals and in ankylosing spondylitis. Proc Inst Mech Eng, Part
H, (J Eng Med) 1989, 203:187–190.

33. Zebouni L, Helliwell PS, Howe A, Wright V: Gait analysis in ankylosing
spondylitis. Annals of Reumatic Diseases 1992, 51:898–899.

34. Viitanen JV, Heikkila S: Functional changes in patients with
spondylarthropathy. A controlled trial of the effects of shortterm
rehabilitation and 3-year follow-up. Rheumatol Int 2001, 20:211–214.

35. Heikkila S, Viitanen JV, Kautiainen H, et al: Sensitivity to change of mobility
tests; effect of short term intensive physiotherapy and exercise on
spinal, hip, and shoulder measurements in spondylarthropathy.
J Rheumatol 2000, 27:1251–1256.

36. Mangone M, Scettri P, Paoloni M, Procaccianti R, Spadaro A, Santilli V:
Pelvis–shoulder coordination during level walking in patients with
ankylosing spondylitis. Gait & Posture 2011, 34:1–5.

37. Lubrano E, D'Angelo S, Parsons WJ, Serino F, Tanzillo AT, Olivieri I, Pappone
N: Effects of a combination treatment of an intensive rehabilitation
program and etanercept in patients with ankylosing spondylitis: a pilot
study. J Rheumatol 2006, 33:2029–2034.

doi:10.1186/1743-0003-9-63
Cite this article as: Sawacha et al.: Biomechanical assessment of balance
and posture in subjects with ankylosing spondylitis. Journal of
NeuroEngineering and Rehabilitation 2012 9:63.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://rss.acs.unt.edu/Rdoc/library/staRt/html/00Index.html
http://rss.acs.unt.edu/Rdoc/library/staRt/html/00Index.html

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Clinical assessment
	Instrumental assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors' contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


