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ABSTRACT
Objective. Ankylosing spondylitis (AS) 
is a chronic rheumatic disease which 
affects the axial skeleton and sacroili-
ac joints. By impacting spinal mobility 
and physical functions, AS could also 
potentially impair gait. However, while 
published data are rather sparse, it ap-
pears that discrepancies exist regard-
ing AS consequences on gait charac-
teristics, tasks and analysis techniques 
used to assess gait ability of patients 
with AS. The review questions are two-
fold: (1) How is gait assessed in pa-
tients with AS? and (2) What are the 
consequences of AS on gait?
Methods. Databases were systemati-
cally searched to identify studies sat-
isfying the search criteria, using the 
synonyms of ankylosing spondylitis and 
gait. Two reviewers extracted from the 
articles study characteristics, methods 
and main results in relation to gait.
Results. 192 titles were extracted 
from databases and 21 studies were 
included in the review. 16 studies 
(76%) used clinical gait measure-
ments and 5 (23%) used laboratory 
gait measurements. Only 7 involved 
a healthy control group. Studies used 
various protocols, instructions and 
parameters when assessing gait. Gait 
of patients with AS was associated 
with decreased stride length, pelvic 
movements and lower limbs angles in 
the sagittal plane, and increased hip 
abduction and external rotation com-
pared to healthy controls. 
Conclusion. Only few studies have as-
sessed gait characteristics in patients 
with AS and published data evidence 
that kinematic parameters of gait is al-
tered, but no consensus exists regard-
ing gait analysis methods for patients 
with AS. Guidelines are provided to im-
prove the design and methodology for 
future studies on gait and AS.

Introduction
In Europe, ankylosing spondylitis (AS) 
affects 1.30 to 1.56 million people, with 
a prevalence of 23.8 persons per 10,000 
(1). AS belongs to a category of chronic 
inflammatory diseases called “spondy-
loarthritis” (SpA), with common clini-
cal and pathophysiological features (2). 
AS causes inflammatory back pain, with 
spinal mobility impairment, adverse 
consequences on physical functions (1), 
that can significantly worsen the quality 
of life of patients with AS (3, 4). Gait is 
widely accepted as being a defining fac-
tor in the quality of life (5-8). 
In patients with AS, gait may be affected 
in relation with back pain, spinal mobil-
ity impairment, altered posture, or feet 
abnormalities (9-11). Besides, patients 
with AS have intensified transmissibil-
ity of vibrations (12), and thus tend to 
avoid shocks when walking, leading to 
a more cautious gait (13) with reduced 
ground reaction force (12). With thorax 
and pelvis stiffness, pelvis-shoulder 
coordination can be altered (14) while 
it appeared to be decisive to maintain 
stability and reduce the energetic cost 
of locomotion (15). Another point for 
altered gait in patients with AS is the 
decrease of lower limb passive ranges 
of motion that can be associated to re-
duced ranges of motion during gait, no-
tably in the sagittal plane (13, 14, 16, 
17). However, only few studies have 
focussed on gait in patients with AS. 
In addition, the wide variety of proto-
cols, types of equipment and outcomes 
raised in the scientific literature (18-20) 
makes the comparison between studies 
rather difficult. 
This systematic review aims to com-
pile published studies that have as-
sessed gait in patients with AS to better 
understand AS consequences on gait. 
More precisely, the review questions 
are as follows: (1) How is gait assessed 
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in patients with AS? and (2) What are 
the consequences of AS on gait?

Materials and methods
The protocol of this systematic review 
has been registered in PROSPERO 
(CRD42018102540) and published in 
JMIR Res. Protoc (21).
When conducting our systematic re-
view, we followed the Preferred Re-
porting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guide-
lines provided by Moher et al.  (22).

Inclusion criteria
Studies had to fulfil the following in-
clusion criteria:
- Original research published in Eng-

lish in a peer-reviewed scientific 
journal, with an observational or ex-
perimental study designs;

- Including participants older than 18 
years old, with a diagnosis of anky-
losing spondylitis;

- Reporting clinical and/or laboratory 
gait measurements. 

Exclusion criteria
Studies were excluded if they fulfilled 
the following exclusion criteria: 
- Case reports, abstracts, editorials, 

conference abstracts, letters to the 
editor, reviews and meta-analysis;

- Gait outcomes not reported ad-
equately (without mean and SD or 
median associated with interquartile 
range or first and third quartile), or 
if the extraction of mean and SD of 
gait outcomes from the results sec-
tion was impossible.

Data sources and search strategy
Searches were first conducted with no 
date restrictions, on June 5, 2018 in 
three electronic databases (PubMed, 
Cochrane, Physiotherapy Evidence Da-
tabase) (21) and were updated on April 
22, 2020. 
The search terms were the combinations 
of the Medical Subject Headings terms 
(1) of the population, ankylosing spon-
dylitis (23, 24). and (2) of the outcome, 
gait (25). The search strategy included 
a combination of these terms found in 
the abstract or the title of the selected 
articles: (“gait” OR “walk” OR “walk-
ing” OR “locomotor” OR “locomo-

tion”) AND (“ankylosing spondylitis” 
OR “spondyloarthritis”). More details 
on search strategy can be found in the 
supplementary materials (Suppl. file).

Study selection
The study selection was conducted by 
two independent reviewers (JS and 
CA), who screened the titles, abstracts 
and keywords identified by the search 
strategy and applied the inclusion and 
exclusion criteria. After this initial 
selection, full-length texts were sub-
jected to the same procedure. In case 
of disagreement and if subsequent 
discussions between the two review-
ers were inconclusive, a third reviewer 
was contacted (JV). In line with the 
PRISMA guidelines (22), the number 
of citations reviewed at each stage of 
the review were summarised in a flow 
chart (Fig. 1).

Risk of bias in individual studies
As our aim was not to evaluate the ef-
fect of an intervention, we did not use 
a risk of bias assessment. As mentioned 
above, our aim was to document the ef-
fect of AS on gait, specifically focusing 
on published studies that have reported 

clinical or laboratory gait measures in 
patients with AS.

Data extraction
Furthermore, the following 4 data sets 
were extracted from the retrieved arti-
cles (26) by two independent reviewers 
(JS and CA): 
- Study characteristics: first author, 

title, year of publication, journal’s 
name, country, study design; 

- Sample description: Age, disease du-
ration, body mass index, Bath Anky-
losing Spondylitis Functional Index, 
Bath Ankylosing Spondylitis Activ-
ity Index;

- Methods: task requirement, in-
strumentation and data acquisition 
methodology, parameters assessed; 

- Main results obtained from gait as-
sessment: clinical measurements of 
gait (e.g. distance covered in the 
6MWT…) and laboratory measure-
ments of gait, (e.g. spatio-temporal 
parameters and kinematic param-
eters) were extracted. For experi-
mental studies, only data from 
pre-test (before intervention) were 
extracted.

Means and SDs or medians associated 

Fig. 1. PRISMA flow chart of the 
selection process (searches updated 
April 22, 2020).
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Table I. Characteristics of included studies (n=21).

Study Year Main objective Intervention AS characteristics  HC characteristics Length of
    (with gait measurements) (if included) follow-up

Barkham et al. (28) 2010 To determine whether etanercept improves  Yes (2 groups: n=32, 32M (out of 40)  12 weeks
  work instability as measured by the ankylosing  etanercept vs. placebo), Age = 40.1±9.9 (for 40)
  spondylitis work instability scale  randomised AS duration = 15.5  

Basakci Calik et al. (37) 2018 To investigate the effects of inspiratory muscle  Yes (2 groups: n=32, 14M  12 weeks
  training (IMT) on respiratory muscles and IMT + conventional exercise Age = 37.4±10.2 
  functional exercise capacity, as well as on the vs. conventional exercise AS duration = 7.9 
  specific outcomes of the disease in AS patients   program only), randomised 

Basakci Calik et al. (38) 2020 To investigate the effect of the addition of  Yes (2 groups: aerobic n=31, 12M  6 months
  aerobic training to spinal mobility exercises  exercise +supervised Age = 44.7±11.5 
  on disease specific outcomes and functional   spinal mobility exercises AS duration = NR
  exercise capacity, aerobic capacity and    vs supervised spinal 
  respiratory muscle strength of AS patients mobility exercises only), 
    randomised 

Brambila-Tapia et al. (39) 2013 To evaluate the association between pulmonary  No n=61, 45M n=74, 48M once
  function and clinical variables in AS, and to  Age = 39 Age = 38 
  compare the pulmonary function of patients   AS duration = NR
  with AS with that of controls 

Çınar et al. (27) 2016 To assess the impact of postural deformities  No n=29, 25M n=21, 16M once
  caused by ankylosing spondylitis on  Age = 44.3±8.8 Age = 36.8±9.7 
  balance problems  AS duration = 9.0 

Coksevim et al. (40) 2018 To investigate the effects of combination Yes, (3 groups:  n=60, 42M  3 months
  therapy with global postural reeducation  anti-TNF therapy + GPR Age = 33.5±10.9
  exercise (GPR) and anti-TNF treatments on program vs. anti-TNF + AS duration = 6.6 
  clinical parameters in patients with active AS   conventional exercise
   therapy vs. control), 
   not randomised 

Del Din et al. (16) 2011 Aim at evaluating AS subjects gait alterations No n=12, 8M n=12, 8M once
    Age = 49.4±10.5 Age = 55.75 ±3.2
    AS duration = 9.2 

Durmus et al. (29) 2009 To evaluate the impact of two different Yes (3 groups:  n=51, 43M  12 weeks
  home based daily exercise programs on exercises based on the Age = 38.7±8.7 
  pulmonary functions in patients with AS  treatment of shortened AS duration = 12.2 
   muscle chains, conventional 
   exercise, routine treatment), 
   not randomised 

Er et al. (41) 2017 Investigate the effects of kinesiophobia No n=31, 19M   once
  in AS on pulmonary functions tests and  Age = 47.4±14.0
  functional performance  AS duration = 21.3  

Halvorsen et al. (42) 2012 To compare physical fitness in patients with AS and  No n=149, 92M n=133, 77M once
  controls AND to explore associations between  Age = 49.4±11 Age = 52.6±11.3 
  physical fitness and disease activity in the patient group  AS duration = 23 

Jennings et al. (30) 2015 To evaluate the effects of aerobic exercise Yes (2 groups: n=70, 49M  2 years
  in patients with AS aerobic exercise + stretching Age = 41.5±9.6 
   vs. stretching alone),  AS duration = 14.7
   randomised 

Karapolat et al. (31) 2009 To compare the effects of conventional  Yes  (3 groups: n=45, 27M  6 weeks
  exercise, swimming and walking on swimming + conventional Age = 48.5±11.8 
  pulmonary function  exercise vs. walking + AS duration = 18.9 
   conventional exercise vs. 
   conventional exercise 
   alone), randomised 

Lubrano et al. (32) 2006 To determine the effects of a combination treatment  Yes (for all patients: n=19, 16M  9 months
  including rehabilitation and etanercept vs. intensive standardised Age = 41.3±8.6 
  rehabilitation only, on function, disability, and exercise program), AS duration = 9.3 
  quality of life in a group of patients with active AS.  cross-over design 

Mangone et al. (14) 2011 To assess whether pelvis shoulder coordination No n=17, 15M  n=10, 9M once
  during walking in AS patients differs from that  Age = 47±21.9 Age = 38.7±14.5 
  in healthy subjects  AS duration = 15 
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with interquartile ranges or first and 
third quartiles were extracted. 
Two reviewers (JS and CA) indepen-
dently extracted these data from each 
included study and compared the data 
for consistency. Any discrepancies be-
tween the two reviewers (JS and CA) 
were resolved at a consensus meeting. 
If disagreement persisted, a third re-
viewer (JV) was consulted to reach a 
final decision.

Results
The application of the search strategy 
described above lead to 192 records, 24 
full-texts were reviewed, and, of those, 
21 were finally included in the review 
(Fig. 1). The characteristics of the 21 
studies are presented in Table I, repre-
senting a total of 859 patients with AS 
that had gait assessment. 
For most of the 21 included studies, 
gait assessment was not the primary 

objective as only 4 had specific gait-
based objective (13, 14, 16, 17) and 1 
had balance-based objective (27). Most 
of other studies were experimental 
and used gait as a secondary outcome 
of intervention effectiveness. Half of 
the studies (n=12) had a longitudinal 
follow-up from 6 weeks to 2 years (28-
36) but they were all associated to an 
intervention. Supplementary Figure 
S1 shows the number and frequency 

Study Year Main objective Intervention AS characteristics  HC characteristics Length of
    (with gait measurements) (if included) follow-up
 
Mengshoel et al. (43) 2004 To examine whether there are any associations No n=26, 15M  once 
  between walking time, quadriceps muscle   Age = 42±9
  strength and cardiovascular capacity in  AS duration = 16  
  patients with RA and AS

Ortancil et al. (33) 2009 To determine the effects of a 6 week home-based Yes (for all patients: n=22, 17M   6 weeks
  exercise program on the respiratory muscle breathing and upper Age = 42.4±9 
  and energy cost in AS extremity exercises) AS duration = 7  

Rocha-Munoz et al. (34) 2015 To evaluate the effect of anti-TNF agents plus Yes (2 groups:  n=36, 28M  2 years
  synthetic disease modifying anti-rheumatic  DMARDs + anti-TNF Age = 42.8a

  drugs (DMARDs) vs. DMARDs alone for vs. DMARDs alone),  AS duration = 12.78
  ankylosing spondylitis (AS) with reduced not randomised 
  pulmonary function vital capacity (FVC%).  

So et al. (35) 2012 To evaluate the effect of combining incentive  Yes (2 groups: n=46, 44M  16 weeks
  spirometer exercise (ISE) with a conventional  conventional exercises + Age = 36.3±7.5
  exercise (CE) on patients with AS  incentive spirometer  AS duration = 12.55
  stabilised by TNF exercises vs.conventional 
   exercises), randomised 

Souza et al. (36) 2017 To evaluate the effectiveness of a progressive  Yes (2 groups: n=60, 44M  16 weeks
  muscle strengthening program using a  medical treatment + Swiss Age = 44.4±10
  Swiss ball for AS patients  ball exercises vs. medical  AS duration = 9.2
   treatment alone), randomised 

Zebouni et al. (13) 1992 To compare gait pattern of 12 patients with No n=12, 8M  n=11, 9M once
  AS with axial disease with that of  Age = 46.5 (28-70)a Age = 39.5 (26-60)
  11 healthy controls  AS duration = 14 

Zhang et al. (17) 2019 To investigate the gait deviations of AS No n=18, 18M n=18, 18M once 
  patients with hip involvement.  Age = 40.2±6.4 Age = 40.7±5.3
    AS duration = 14.1 

a Values are mean ±standard deviation, except for studies with a which is median associated to 1st and 3rd quartile
AS: ankylosing spondylitis; HC: healthy controls; M: male; NR: not reported.

Table II. Frequency of study design of included studies (n=21).

 Study design Number of  studies (%) Studies

 Observational study 2  (9.5) Er (41), Mengshoel  (43)
 Observational prospective cohort 0 
 Observational case-control study 7  (33.3) Brambila-Tapia (39), Cinar (27),
    Del Din (16), Halvorsen (42), Mangone (14), 
    Zebouni (13), Zhang (17)
 Experimental cross over study 1  (4.8) Lubrano (32)
 Experimental non randomised open label uncontrolled study 1  (4.8) Ortancil (33)
 Experimental non randomised open label controlled study 2  (9.5) Rocha-Munoz (34), Coksevim (40)
 Experimental randomised open label controlled study 5  (23.8) Durmus  (29), Karapolat (31), So (35),
    Basakci Calik (37, 38)
 Experimental randomised controlled study with a blind evaluator 2  (9.5) Jennings (30), Souza (36)
 Experimental randomised double blind study 1  (4.8) Barkham (28)
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of publication per year of the included 
studies on gait and AS. 
Gait assessments were divided into two 
distinct categories: (1) clinical measure-
ments of gait using variables extracted 
from clinical tests; and (2) laboratory 
measurements of gait using spatio-tem-
poral or kinematic parameters, assessed 
with electronic walkway, inertial sen-

sors, electrogoniometers or 3D motion 
analysis, and sometimes associated to 
ground reaction force dynamometer 
and/or electromyography. Among the 
21 included studies, 16 (76.2%) used 
clinical measurements to describe gait 
(27, 29-43), while 5 (23.8%) studies 
used laboratory measurements (13, 14, 
16, 17, 28). No study combined both 

clinical and laboratory measurements 
of gait.

Clinical gait measurements
Tests and protocols described in stud-
ies with clinical gait measurements are 
described in Table III. The descriptions 
of gait tests were heterogeneous, with 
some studies giving only the distance 

Table III. Description of the tests and protocols used in studies with clinical measurements of gait (n=16).

Study Year Tests and protocols descriptions

Basakci Calik et al.  (37) 2018 “Exercise capacity was measured using the 6MWT) The test was performed in a 30-m corridor in 
  accordance with the testing guidelines [ATS guidelines]. Prior to the test, perceived resting heart rate,  
  resting peripheral oxygen saturation, and resting blood pressure were measured.”

Basakci Calik et al.  (38) 2020 “Exercise capacity was measured using the 6MWT. The test was performed in a 30m corridor in 
  accordance with the test guidelines [ATS guidelines]. Prior to the test, perceived resting heart rate,   
  resting peripheral oxygen saturation, and resting blood pressure were measured.”

Brambila-Tapia et al.  (34) 2013 « Functional capacity, related with cardiopulmonary function, was measured with the 6-min walk test »

Çınar et al. (27) 2015 Gait speed, 6MWT

Coksevim et al. (40) 2018 “The 6 min walk distance (6MWD) test was used as a test of objective assessment of functional 
  performance and endurance. Subjects were given the same standard verbal instructions before each  
  test and instructed to walk their maximum distance in a 6 min period.”

Durmus et al.  (29) 2009 6MWT: “Subjects completed this test on a 42.6-m walkway. Subjects were given the same standard  
  verbal instructions before each test and instructed to walk their maximum distance in a 6-min period. 
  The total distance covered in meters during the 6 min of walking was used as the score for each session.”

Er & Angin (41) 2017 6MWT: “straight enclosed environment designated by cones on a track of 30m of length, which is not 
  slippery and not containing material that would obstruct the individual. With the command “start”, the  
  individual walks on a track on a self-adjusted fast speed for 6 minutes. At the end of 6 minutes, they 
  stop with the command “stop” and they are given a chair in the stopping point to rest. The distance 
  covered by the individual in 6 minutes is calculated in units of meters and recorded”

Halvorsen et al. (42) 2012 “Walking in a figure-of-eight pattern was used to assess dynamic balance. This test was reported to have 
  good interrater reliability (r=.98) and test-retest reliability (standard error of measurement=2) in a 
  group of patients with moderate disability. Two double circles were put together to form a figure-of-eight,  
  which was marked on the floor (the inner circles with a diameter of 1.5 m, the outer circles with a 
  diameter of 1.8 m). The participants were asked to walk the figure-of-eight twice without shoes, and 
  the number of steps on lines and outside the figure were counted as the score.

Jennings et al. (30) 2015 “The 6MWT was performed on a 22-m indoor track following the guidelines of the American 
  Thoracic Society.”

Karapolat et al. (31) 2009 “The 6MWT was performed at least four hours before cardiopulmonary exercise test. Participants walked 
  up and down on a 20-m hallway for a period of six minutes at their own pace. Patients were permitted 
  to stop and rest and were instructed to continue walking as soon as they felt able to do so. 
  The distance walked by each subject was recorded in meters”

Lubrano et al.  (32) 2006 6MWT: It was carried out on a level hallway, and was supervised by a physician. Patients were instructed  
  to cover the greatest distance possible during the allotted time, at a self-administered walking speed, 
  pausing to rest as needed. The total distance in meters during the 6MWT was recorded.

Mengshoel et al.  (43) 2004 “Flat floor walking time was assessed by measuring the time it took the patients to walk 160 m as fast as  
  they could without running on a flat floor (…) All the patients wore shoes during the tests.”

Ortancil et al.  (33) 2009 6MWT: “at a 20-m length corridor, with heart rate at the beginning and the end, walk as fast as they could”

Rocha-Munoz et al. (34) 2015 6MWT, no more precisions

So et al.  (35) 2012 “The 6-min walk distance (6MWD) test was used to objectively assess functional performance and 
  endurance. The 6MWD test was performed according to modified American Thoracic Society guidelines.”

Souza et al. (36) 2017 6MWT: “6-minute walking test (6MWT) that is a functional test that assess distance walked over 6 min 
  in a 22-meter indoor track.”

6MWT: 6-minute walk test, ATS: American Thoracic Society.
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walkways (29-31, 33, 36-38, 43), and 
others describing more precisely the 
walkways used (41, 42). Some studies 
clearly described the instructions gave 
to the participant before the trials (29, 
31-33, 41-43), 4 studies (25%) men-
tioned that they followed the American 
Thoracic Society guidelines (30, 35, 37, 
38) and 4 studies (25%) did not men-
tion the instructions (27, 34, 36, 39). 
No study gave information on the pre-
cise instructions provided during the 
6MWT.
Table IV depicts the list and values of 
parameters used in studies with clinical 
measurements of gait, with the number 
of studies and percentage out of the 
16 studies using the same parameter. 
The 6-minute Walk Distance (6MWD) 
was the mostly used clinical gait pa-
rameter  (27, 29-41). Among these 14 
studies, only 2 made a comparison with 
a healthy control group (27, 39) yield-
ing different conclusions. Indeed, the 
first one (39) found a significant reduc-
tion of 6MWD (39) in patients with AS 
compared to healthy controls, while the 
second one (27) did not report any sig-
nificant difference between both groups.

Laboratory gait measurements
Table V describes the materials and 
protocols used in studies using gait lab-
oratory measurements. Materials used 
for gait assessments were mainly well 
described (13, 14, 16, 17) except in one 

study (28). Walkways used and pace 
were described in three studies (14, 16, 
17), two studies specified the number of 
trials collected (14, 17) and two studies 
specified the minimum number of steps 
included in the analysis (13, 14, 16).
In studies using laboratory measure-
ments of gait, more than 100 different 
gait parameters (spatio-temporal, kin-
ematic or electromyographic param-
eters) were reported.
Table VI gives the list and results of 
spatio-temporal gait parameters used in 
studies with laboratory measurements 
of gait. Only one study found that gait 
velocity (17) was significantly lower in 
patients with AS, and two studies found 
lower stride length  (13, 17) in patients 
with AS compared to HC. One study 
used stride width/height parameter and 
reported significant higher values in AS 
compared to HC (17). The other spatio-
temporal gait parameters were not sig-
nificantly different between AS and HC.
Table VII provides joints ranges of mo-
tion during gait in AS and HC. A signifi-
cant increase of trunk sagittal ranges of 
motion during gait cycle was found in 
AS, with an increase of extension found 
by Del Din et al. (16) and an increase of 
flexion found by Zhang et al. (17). Sig-
nificant decrease of pelvic movements 
were found for AS (14, 16); with an an-
terior tilt for AS and a posterior tilt for 
HC (14), and a decrease of pelvic obliq-
uity (16). A significant decrease of sag-

ittal hip movements was reported, with 
a decrease of hip flexion reported in 3 
studies (13, 16, 17) and a decrease of 
hip extension reported by 1 study  (14). 
Two studies reported an increase of hip 
abduction in AS (16, 17). Analysis of 
knee movements show somewhat con-
tradictory results: Del Din et al. (16) and 
Zhang et al. (17) reported, respectively, 
significantly decreased and increased 
knee flexion is AS, while no significant 
difference between AS and HC was ob-
served by Zebouni et al. (13). Ankle an-
gles of the sagittal plane were reduced 
in AS, with a decrease of dorsi flexion at 
initial contact (16) and a decrease plan-
tar flexion during the gait cycle (17).
Supplementary Table S1 reports con-
tinuous estimate of relative phase, joint 
moments and peak vertical ground 
reaction force parameters. Only joint 
moments were reported by at least 2 
studies (16, 17). Hip sagittal moments 
were decreased (in extension (16) or in 
flexion (17)) in AS. Hip abduction and 
external rotation moments were also 
decreased in two studies (16, 17) in AS. 
Knee moments were shown to decrease 
in extension  (16) and to increase in 
flexion  (17) in AS compared to HC. 
Only one study reported surface elec-
tromyography parameters during gait 
(Suppl. Table S2) and correlated gait 
parameters with clinical values (disease 
duration, Bath Ankylosing Spondylitis 
Functional Index) (17).

Table IV. List and values of parameters used in studies with clinical measurements of gait (n=16).

 Gait parameters Number of studies (%) Studies Results Sign.

 6MWD (meters) n=14 (87.5) Basakci Calik et al. (37) AS = 504.9±59.4
   Basakci Calik et al. (38) AS = 504.0 ±88.4
   Brambila-Tapia et al.  (39) AS = 324a, HC = 520a p<0.001
   Çınar et al.  (27) AS = 407 ±142, HC = 599±98 NS
   Coksevim et al. (40) AS = 560.7±65.3 
   Durmus et al.  (29) AS = 548.5±87.6
   Er et AngIn  (41) AS = 445.88±99.5
   Jennings  (30) AS = 433.0±57.8
   Karapolat  (31) AS = 388.3±88.0
   Lubrano  (32) AS = 242.2a
   Ortancil  (33) AS =574.2±94.5
   Rocha-Munoz  (34) AS =299.8
   So  (35) AS =515.7±60.3
   Souza  (36) AS = 441.43±57.2 

 Number of oversteps in figure of eight n=1 (0.07) Halvorsen et al.  (42) AS = 2.0 ±0.59, HC = 2.5±0.24 NS
 Gait speed at comfortable pace (m/s) n=1 (0.07) Çınar et al.  (27) AS = 0.9 ±0.2, HC = 0. ±0.1 NS
 Time to walk 160 m at fast pace (s) n=1 (0.07) Mengshoel  (43) 86±13 

Values are mean ±standard deviation with values of patients with AS / healthy controls, except for studies with a which is median. 
Sign: significance with healthy controls; AS: patients with ankylosing spondylitis; HC: healthy controls; 6MWD: 6-minute walk distance.
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Discussion
In recent years, the evaluation of gait 
raises interest for a wide range of 
healthy and pathologic populations (e.g. 
see (25, 44, 45) for recent reviews), in-
cluding patients with AS (Suppl. Fig. 
S1). The present systematic review 

aimed to compile published studies that 
have assessed gait in patients with AS, 
with clinical and/or laboratory meas-
urements, to better understand AS con-
sequences on gait pattern and to help 
researchers to use the most appropriate 
gait evaluation in this population. The 

following recommendations and sug-
gestions for future studies on gait and 
AS can be outlined.

Study characteristics
For most of included studies, gait as-
sessment was not the primary objective 

Table V. Description of materials and protocols used in studies with laboratory measurements of gait (n=5).

Author Year Materials descriptions Protocols description

Barkham et al.  (28) 2010 « using an electronic walkway » Not precised

Del Din et al.  (16) 2011 “The instrumental assessment of gait was performed using a six cameras “the subject was asked to perform 
  stereophotogrammetric BTS motion capture system (60–120 Hz) independent barefoot gaits by walking 
  synchronised with two Bertec force plates (FP4060-10) and integrated with  along a 10-m walkway, at a self-selected
  two Imago S.n.c plantar pressure systems (0.64 cm2 resolution, 150 Hz). speed, so that the target foot would
  A full-body marker set was used [20, 25]: 24 reflective markers were naturally land on the compound 
  placed on the subjects at anatomical landmarks of head, trunk, thigh, instrument made with both the force 
  shank, foot, while 24 reflective markers were used for the six clusters and pressure plates. At least three left 
  (each formed by four markers) of pelvis, thigh and shank and right foot strikes were acquired.”

Mangone et al.  (14) 2011 “Gait analysis was performed using the ELITE stereophotogrammetric  “A standing trial was performed before
  system (BTS, Milano, Italy), with 8 infrared video cameras for the each session started in order to determine 
  acquisition of the kinematic variables. Kinematic data were acquired and the off-set angles. Subjects were then 
  digitised with a sampling rate of 100 Hz and were filtered using a fourth-order, instructed to walk at a self-selected speed 
  zero lag, low-pass Butterworth filter with a cut-off frequency of 6 Hz.”… along a level surface approximately 10 m
  “Three-dimensional marker trajectories during walking were obtained by in length. Five trials were acquired for 
  means of a frame-by-frame tracking system (Tracklab, BTS, Milano, Italy), each subject in both groups, the mean 
  and joint angular excursion, defined as a rotation of the distal segment values of the kinematic variables being 
  relative to the proximal segment in our biomechanical model [20], was used for the analysis.” 
  calculated; joint excursion data were normalized to the stride duration and 
  reduced to 100 samples over the GC.”
  “Two strides in each trial were considered for the analysis. A stride was 
  considered as the time between two consecutive heel-floor contacts of the same 
  limb and was subdivided in a stance phase (from the 1st heel contact to toe-off) 
  and a swing phase (from toe-off to the 2nd heel contact). The stance phase 
  was further divided into the following sub-phases: loading response (LR) 
  (0–12% of gait cycle [GC]); mid-stance (MS) (13–30% of GC); terminal 
  stance (TS) (31–50% of GC) and pre-swing (PSw) (51–60% of GC). 

Zebouni et al.  (13) 1992 “The MIE gait analysis system was used, which measures hip and knee angles  The data were obtained during
  by electrogoniometers attached to the hips and knees.” level walking.
  “The readings were relayed by a transmitter attached to a belt into a data analysis 
  system which gave a digital and graphic display of the readings at each gait cycle.  
  A minimum of two strides was used to calculate the mean of the data.  
  Reproducibility studies were carried out using three stride lengths. This method 
  of gait analysis needs the minimum of training, is easy to operate, and is practical 
  to use in a general ward. The procedure took 50–60 minutes. At the end of the 
  procedure the patient was disconnected from the measuring apparatus and 
  timed while walking a short measured distance to calculate the stride length.  
  The data were obtained during level walking.” 

Zhang et al.  (17) 2019 “Kinematic data were acquired utilising a 10-camera, three-dimensional  The gait test was performed across a
  motion-capture system (Vicon, Oxford, UK, 100 Hz). This approach was combined distance of 10 m, as determined by the 
  with data derived from a ground reaction force dynamometer (Kistler, Switzerland,  length of the laboratory. Participants 
  1000 Hz) to derive three dimensional kinetics variables. A total of 51 reflective markers  were instructed to ambulate at a
  were placed on the subjects at the following anatomical landmarks: head, trunk,  comfortable pace, and gait cycles for 
  arms, pelvis, thighs, shanks and feet. Raw kinematic and kinetic data (C3D file   each limb were recorded across three
  format) were imported to Visual 3D software (C-Motion, Inc., USA) to filter and trials at our laboratory. Patients were 
  compute the gait parameters. Marker trajectories were filtered using a  allowed to rest; however, they were
  4th-order zero-lag low-pass Butterworth filter, with a cut-off frequency of 10 Hz. (…)   not given any physical assistance
  Kinetic parameters, including ground reaction force (GRF) and joint moments,   during the test.
  were filtered using a 4thorder, zero-lag, low-pass Butterworth filter with a cut-off 
  frequency of 50 Hz. Active surface electrodes (Trigno Wireless EMG 
  System, Delsys, USA, sample rate 2000 Hz) were used to record surface 
  electromyography (sEMG) signals. The sEMG for the bilateral gluteus maximus,  
  gluteus medius, rectus femoris, biceps femoris, tibialis anterior and gastrocnemius 
  of each patient was measured. The electrodes were placed on the muscle bellies 
  of each muscle. The placement of the respective surface muscle electrode was 
  according to the predecessor’s reference. Integrated electromyography and 
  root mean square amplitude were used to evaluate muscle function while the 
  patient was walking in circles.” 
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as only 4 had specific gait-based objec-
tive (13, 14, 16, 17), and 1 had balance-
based objective (27). Most of other 
studies were experimental and used gait 
as a secondary outcome of intervention 
effectiveness. Half of the studies had a 
longitudinal follow-up from 6 weeks to 
2 years (28-36) but they were all asso-
ciated to an intervention. By its hetero-
geneous evolution, AS appears hardly 
predictable (46), and no biomarkers 
have been reproducibly shown to pre-
dict outcomes in this population (47). 
Thus, the assessment of gait evolution 
could be helpful to allow prediction of 
disease and functional evolutions in 
patients with AS. Indeed, in the older 
adults and pathological populations, 
gait has been reported as a predictor of 
mortality (44), cognitive decline (45, 
48), or fall risks (49–51).

Clinical gait measurements
– Tests and parameters used
By far, the 6MWT was the most com-
monly used test in included studies 
(27, 29-39, 41). As a measure of the 
submaximal level of functional capac-
ity, the 6MWT appears to be an impor-
tant clinical test in patients with AS. As 
patients are asked to choose their own 
intensity of exercise, the 6MWT cap-
tures patients’ ability to carry out daily 
physical activities, at submaximal lev-
els of exertion (52). The 6MWT evalu-
ates exercises responses of numbers of 
systems in the human body, including 
cardiac and pulmonary systems (52). 
The pulmonary system is altered in 40 
to 80% of patients with AS (53), mainly 
with a restrictive pattern (39, 53, 54). 
Factors, leading to AS pulmonary dis-
abilities, are impaired spinal mobility 
and chest expansion (55), associated to 
interstitial lung disease, bronchiectasis 
and apical fibrosis (56). Besides, AS 
is associated to a significant increase 
in the risk of myocardial infarction, 
caused partly by systemic inflamma-
tion and high disease activity, that are 
increasing cardiovascular risks (57).
The 6MWT seems useful in AS follow-
up and is applicable in clinical practice. 
Even if this test is valid (58) and reli-
able (59, 60) in healthy adults, the psy-
chometric properties of these tests have 
not been specifically tested in patients 

with AS contrary to other pathologies, 
such as chronic obstructive pulmonary 
(61) or cardiac (62) diseases. Besides, 
no study assessed the minimal detect-
able change or the minimal clinically 
important difference on gait outcomes 
for patients with AS while this measure 
is useful for clinicians to estimate how 
much change in an outcome measure 
is clinically important and meaningful 
(63).

– Test protocols
There were major variations in proce-
dures including tests used, protocols, 
distance and outcomes in studies using 
clinical gait measurements (Table III). 
A variety of tests and methods were 
used and may be dependent of tester 
preference and convenience (i.e. walk-
way or material available). Besides, a 
detailed description of materials and 
protocols used was lacking in most 
of the studies. Exact verbal instruc-
tions used were briefly described in 
the 6MWT, while this factor has been 
shown to significantly increase the six 
minute walk distance in patients with 
chronic heart failure and lung disease 
(64, 65). Thus, future studies should 
pay attention to use standardised proto-
cols and to precisely describe the pro-
tocols and instructions provided to the 
participant.

Laboratory gait measurements
– Tests and parameters used
Five studies used laboratory gait meas-
urements allowing the understanding 
of AS consequences on gait pattern  
(13, 14, 16, 17, 28). Gait was assessed 
with electronic walkway (28), elec-
trogoniometers  (13) or 3D cameras 
(14, 16, 17). One study assessed elec-
tromyography of lower limb muscles 
during gait  (17). No study combined 
clinical and laboratory measurements 
of gait. The instrumentation of clinical 
tests (e.g. with the use of inertial sen-
sors) allows objective capture of gait 
pattern that is sometimes called “clini-
cal gait analysis” (66). Inertial sensors 
allow computation of spatio-temporal 
and kinematic parameters, either in 
clinical practice during clinical tests or 
in an ecological environment (home, 
work…) (20, 67). 

In the included studies, the walkways 
used were of short distance (i.e. 10 me-
ters, Table V) while long distances al-
low better classification of pathological 
gait such as diabetes or stroke (68, 69).
Although it is now recognised that 
locomotion involves cognitive com-
ponents (70) no study included in this 
review assessed the effects of a dual 
task on gait. Indeed, cognition may be 
affected in AS as structural changes in 
the nervous system and neurotransmit-
ters have been highlighted in patients 
with inflammation and chronic pain 
(71, 72). Patients with AS often have 
fatigue symptoms, that are potentially 
associated with brain involvement 
(73). Previous studies also found that 
cerebral grey and white matter related 
to attention were thinner in patients 
with AS and fatigue (74).The gait dual 
tasking paradigm allows better classifi-
cation and diagnosis in populations at 
risk such as patients with stroke (75), 
or fallers (76, 77), and could allow bet-
ter classification of patients with AS. 
The included studies used more than 
100 different gait parameters, with 
spatio-temporal or kinematic parame-
ters (Table VI, V, Suppl. Tables S1 and 
S2), and less than 20 were common be-
tween 2, 3 or the 4 studies (Table VI). 

– Test protocols
Discrepancies were found with the 
protocols and their description in the 
different studies (Table V). The de-
vices used were clearly described in 
some studies  (13, 14, 16), but poorly 
described in another (28). Instructions 
were not described in all studies and 
the number of trials performed by each 
participant was indicated in only 2 
studies (14, 17). To allow comparisons 
between studies and replications of the 
protocols, precise information regard-
ing walkways, instructions, number of 
trials and number of steps in the analy-
sis, should be implemented.

Gait characteristics in AS
The range of gait tests used across stud-
ies and the low number of studies that 
have involved a healthy control group 
did not allow us to pool data.
Three studies with clinical gait meas-
urements included a healthy control 
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group (27, 39, 42). One study found a 
significant reduction of distance dur-
ing the 6MWT in patients with AS 
(39), that was not significant in another 
study (27), or with other clinical tests 
(i.e. number of oversteps in figure of 
eight or gait speed at comfortable pace) 
(27, 42).
In studies using spatio-temporal param-
eters, stride length was significantly de-
creased in patients with AS compared 
to controls in Zebouni et al. (13) and 
Zhang et al. (17), while the difference 
was not significant in Del Din et al. 
(16), and Mangone et al. (14). A lower 
gait velocity in AS compared to HC 
was reported in the study of Zhang et 
al. (17), but not in other 3 studies (14, 

16, 28). Cadence was not significantly 
altered in patients with AS (13, 14, 17).
When gait was assessed with kinemat-
ic parameters, significant differences 
were found between AS and HC in each 
study (Table VI, VII, Suppl. Tables S1 
and S2) (13, 14, 16). Zebouni et al. 
found decreased angle of flexion at hip 
joint of patients with AS compared to 
healthy controls (13), in line with Del 
Din et al. where significant alterations 
in the sagittal plane at each joint (hip, 
knee, ankle) were found and associated 
with decreased hip and knee joint ex-
tension moments (16). Zhang et al. also 
found a significant decrease of hip and 
ankle sagittal movement associated to 
reduced hip moments and an increase 

hip abduction and external rotation in 
AS compared to HC. The decrease of 
hip flexion was partly explained as a 
combination of hip flexor muscle weak-
ness, hip pain and hamstring muscle 
spasm (17). In contrast to the results 
obtained in Del Din et al. study  (16), 
Zhang et al. found that patients with AS 
increased knee flexion during stance 
stage, decreased knee flexion during 
swing stage and increased knee mo-
ments (17). The patients included in 
Zhang et al. had hip involvement iden-
tified by radiography that was not the 
case in other studies and may explain 
the differences in decreased knee range 
of motion and increased knee mo-
ments as a compensation of reduced hip 

Table VI. List and values of spatio-temporal gait parameters used in studies with laboratory measurements to compare AS and HC groups 
(n=5).

 Gait parameters Number of studies Study Sign. Results (mean ± SD) or 
     direction of difference (��)

Spatio-temporal parameters

 Cycle time in seconds 1 Zebouni (13) NS AS = 0.59±0.05, HC = 0.58±0.04

 Gait velocity in m/second 4 Del Din et al. (16) NS AS = 1.05±0.23, HC = 1.12±0.25
   Mangone et al. (14) NS AS = 0.94±0.2, HC = 0.96±0.2
   Barkham et al. NA AS = 1.10±0.23a

   Zhang et al. (17) p=0.009 AS = 1.14±0.21, HC = 1.25±0.09

 Stride length in m 4 Del Din et al. (16) NS AS = 0.98±0.58, HC = 1.29±0.30
   Mangone et al. (14) NS AS = 1.09±0.1, HC = 1.14±0.2
   Zebouni et al. (13) p<0.05 AS = 0.58±0.11, HC = 0.72±0.13
   Barkham et al. NA AS = 1.25±0.18a

 Left step length/height in m/m 1 Zhang et al. (17) 0.009 AS = 0.34±0.06, HC = 0.38±0.19

 Right step length/height (m/m) 1 Zhang et al. (17) 0.002 AS = 0.35±0.39, HC = 0.38±0.26

 Step length difference (m) 1 Zhang et al. (17) 0.024 AS = 0.04±0.05, HC = 0.02±0.02

 Stride length/height (m/m) 1 Zhang et al. (17) 0.002 AS = 0.70±0.97, HC = 0.76±0.42

 Stride width/height (m/m) 1 Zhang et al. (17) <0.001 AS = 0.08±0.06, HC = 0.04±0.01

 Cadence in steps/minute 2 Mangone et al. (14) NS AS = 102.4±13.3, HC = 101.4±8.7
   Zebouni et al.  (13) NS AS = 102.6±9a, HC = 103.2±6.6a

 Gait cadence (/second) 1 Zhang et al. (17) NS AS = 0.95±0.09, HC = 0.94±0.04

 Stride period in seconds 2 Del Din et al. (16) NS AS = 1.06±0.11, HC = 1.06±0.05
   Zhang et al. (17) NS AS = 1.19±0.13, HC = 1.15±0.05

 Stance period in seconds 1 Del Din et al. (16) NS AS = 0.73±0.08, HC = 0.70±0.04

 Left single stance period (%) 1 Zhang et al. (17) NS AS = 38.29±2.62, HC = 38.61±1.55

 Right single stance period (%)  1 Zhang et al. (17) NS 38.12±3.95 38.49 ±1.66 

a Stride velocity has been converted from cm/s to m/s. Stride length has been obtained by multiplying step length by 2 and converted from cm to m.                        
Cadence has been obtained from frequency (Hz) by multiplying by 60
Sign: Significance between patients with AS and healthy controls; NS: not significant, AS: ankylosing spondylitis; m: meters; HC: healthy controls; NA: not 
applicable; LR: loading response; PS: pre swing; gc: whole gait cycle.
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Table VII. List and values of joint ranges of motion (in degrees) gait parameters used in studies with laboratory measurements to compare 
AS and HC groups (n=4).

 Gait parameters Nb studies Study Sign. Results (mean ±SD) or direction of 
     difference (��) with phase (% of gc or name)

Trunk angle parameters

 Trunk flexion/extension  2 Del Din et al. (16)  10-100%: p<0.05 AS = 5.8±1.3, HC = 3.20±0.9 ; 
    0-10%: NS 10-100%: � ext
   Zhang et al. (17) p<0.001 Init contact: AS = 5.1±14.3 (� fl), HC = − 9.2±4.2
    p<0.001 Toe-off: AS = 5.0±14.4 (� fl), HC = − 10.5± 5.1
    p<0.001  gc: AS = 5.5±0.3 (� fl), HC = − 9.5±0.7  

 Trunk adduction/abduction 2 Del Din et al. (16) NS AS = 10.6±3.6, HC = 10.6±3.3 
 (for Del Din et al.) or obliquity  Zhang et al. (17) p=0. 028  Init contact: AS =3.0±3.0 (� right), HC = 1.7±1.6
 (for Zhang et al.)   NS: p=0.702 Toe-off: AS = 3.6±3.1, HC = 3.4±1.9
    <0.001  gc: AS =3.1±0.2 (� right) , HC = 2.5±0.7 

 Trunk internal/external 2 Del Din et al. (16) NS AS =13.8±7.3, HC = 12.8±8.9 
 (for Del Din et al or rotation  Zhang et al. (17) p=0.012  Init contact: AS =3.1±2.2 (�rot), HC = 4.5±2.2
 (for Zhang et al.)   NS: p=0.446 Toe-off: AS = 2.9±1.8, HC = 3.3±2.0
    <0.001  gc: AS = 2.8±0.2 (�rot), HC = 3.0±1.0

 Max flexion angle 1 Zhang et al. (17) p=0.033 AS = 7.5±13.7 (�fl), HC = − 7.5±4.6

 Max extension angle 1 Zhang et al. (17) p<0.001 AS = − 3.2±14.5 (�ext), HC = 12.4±4.6 

 Maximal oblique angle 1 Zhang et al. (17) NS: p=0.091 AS = 4.6±2.9, HC = 5.5±1.5

 Minimal oblique angle 1 Zhang et al. (17) p=0.005 AS = 1.9±3.2 (� min obl), HC = 0.2±0.7 

 Maximal rotation angle 1 Zhang et al. (17) p<0.001 AS = 4.5±2.1 (� max rot), HC = 6.1±1.3 

 Minimal rotation angle 1 Zhang et al. (17) <0.001 AS = 1.0±1.5 (� min rot), HC = 0.0±0.0 

Pelvis angles parameters

 Pelvic tilt 2 Del Din et al. (16) NS AS = 4.6±1.6, HC = 2.72±2.1
   Mangone et al. (14) p=0.01 LR : AS = 2.9±3.6, HC = -1.2±4.8 ;
     AS = anterior tilt, HC = posterior tilt
    p=0.029 PS : AS = 1.9±4.6, HC = -1.4±4.6
     AS = anterior tilt, HC = posterior tilt

 Pelvic obliquity 1 Del Din et al. (16) 0-30&50-100%: NS AS = 7.6±3.9, HC = 6.7±1.5
    30-50%: p=0.04 30-50%: �

 Pelvic rotation 2 Del Din et al. (16)  NS AS = 11.2±9.1, HC = 7.4±3.5
   Mangone et al. (14) NS LR: AS = 1.7±5.1, HC = 1.8±3.6
     PS: AS = -3.3±3.4, HC = -3.1±3.8

Hip angle parameters

 Hip flexion/extension 3 Del Din et al. (16) 0-30&73-100%:  AS = 34.6±6.6, HC = 44.5±3.9
    p<0.05 0-30,73-100%: � flexion
    30-73%:NS 
   Mangone et al. (14) p=0.007 LR: AS = 25.6±4.6, HC = 19.6±6.6
     AS: �  flexion
    p=0.05 PS: AS = -6.2±7.4, HC = -10.8±7.4
     AS: � extension
   Zhang et al. (17) p<0.001 Init contact: AS =18.7±10.3 (�fl), HC = 28.8±5.4
    p=0.030 Toe-off: AS = 1.9±11.3 (�fl), HC = 5.3±6.2
    p<0.001 gc : AS = 7.8±8.8 (�fl), HC = 15.5±13.0 

 Hip flexion 1 Zebouni et al. (13) p=0.04 Right: AS = 22.7±8.5, HC = 29.2±8.6;  � fl
    NS: p p=0.57 Left: AS = 26.7±9.0, HC = 27.5±6.2

 Hip adduction/abduction 2 Del Din et al. (16) 0-87%: NS AS = 15.0 ±5.3, HC = 11.9±3.9;
    87-100%: p<0.05  87-100%: � abd
   Zhang et al. (17) NS: p=0.532 Init contact: AS =4.3±5.6, HC = 3.8±3.7
    p=0.002 Toe-off: AS = 9.4±5.7, HC = 6.6±4.1
    p<0.001 gc: AS = 4.7±2.7 (� abd), HC = 1.2±3.8 

 Hip internal/external 2 Del Din et al. (16) NS AS = 16.0±8.7, HC = 14.0±5.2
   Zhang et al. (17) NS: p=0.092 Init contact: AS = 7.3±9.4, HC = 4.9±6.1
    NS: p=0.927 Toe-off: AS = -1.5±6.8, HC = -1.6±6.7
    p<0.001 gc: AS = 0.8±2.6 (� int), HC = -1.3±2.8
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movement during gait (17). Besides, a 
reduction of pelvic obliquity (16), and 
an altered pelvis shoulder coordination 
in transitions from stance to swing (14), 
were found and may be explained as a 

strategy of patients to reduce sacroiliac 
joints torsion if they have experienced 
sacroiliac pain (14). Del Din et al. 
found that patients with AS had lower 
variability in terms of gait pattern com-

pared to healthy controls, explained by 
spine rigidity which is the main feature 
of this pathology (16). Even only few 
studies used laboratory gait measure-
ments, gait pattern of patients with AS 

 
 Gait parameters Nb studies Study Sign. Results (mean ±SD) or direction of 
     difference (��) with phase (% of gc or name)

 Hip range 1 Zebouni et al.  (13) NS: p=0.5 Right: AS = 30.2±8.7, HC = 35.5±5.5
    NS: p=0.17 Left: AS = 23.1±8.9, HC = 36.4±5.2

 Max hip flexion angle 1 Zhang et al.  (17) p<0.001 AS = 21.8±11.2 (�fl), HC = 34.5±7.2

 Max hip extension angle 1 Zhang et al.  (17) NS: p=0.103 AS = 6.9±10.1, HC = 4.6±5.5

 Max hip abduction angle 1 Zhang et al.  (17) p=0.007 AS = 10.9±5.7 (� abd), HC = 8.6±3.7

 Max hip adduction angle 1 Zhang et al.  (17) p<0.001 AS = 0.0±5.8 (add), HC = 4.6±3.6

 Max hip ext rotation angle 1 Zhang et al.  (17) NS: p=0.090 AS = 10.2±8.2, HC = 8.3±4.4

 Max hip int rotation angle 1 Zhang et al.  (17) p=0.026 AS = 5.2±5.1 (int), HC = 7.3±5.1 

Knee angle parameters

 Knee flexion/extension 2 Del Din et al.  (16) 0-30%: p<0.05 AS = 65.5±7.6, HC = 64.5±7.6
    30-73%: NS 0-30% and 73-100%: � flexion
    73-100%: p<0.05
   Zhang et al.  (17) NS: p=0.827 Init contact: AS = 5.7±5.5, HC = 5.5±4.2
    p=0.003 Toe-off: AS = 53.3±10.6 (� fl), HC = 46.2±15.9
    p=0.001 gc: AS = 28.7±15.6 (� fl), HC = 26.4±20.4 

 Knee flexion 1 Zebouni et al.  (13) NS: p=0.06 Right: AS = 41±10.4, HC = 49±9.0
    NS: p=0.16 Left: AS = 42±9.1, HC = 48.4 ±8.6

 Knee range 1 Zebouni et al.  (13) NS: p=0.05 Right: AS = 39.9±9.2, HC = 49±9.9
    NS: p=0.06 Left: AS = 39.7±9.0, HC = 47.3±8.9

 Max knee flexion angle 1 Zhang et al.  (17) NS: p=0.821 AS = 65.9±9.7, HC = 66.4±17.4 

 Min knee flexion angle 1 Zhang et al.  (17) NS: p=0.821 AS = 1.8±4.9, HC = 0.8±17.4

 Knee fl/ext angle 1 Zhang et al.  (17) p<0.001 Stance: AS = 21.3±10.0 (� fl), HC = 14.5±9.3
    p<0.001 Swing: AS = 42.7±14.7 (� fl), HC = 48.7±16.7

Ankle angle parameters

 Ankle dorsiflexion/plantarflexion 1 Del Din et al.  (16) 0-2%: p=0.048  AS = 29.3±8.1, HC = 29.0±5.7
    2-100%: NS 0-2%: � dorsi
   Zhang et al.  (17) NS: p=0.464 Init contact: AS = − 5.1±29.9, HC = − 2.09±5.0
    NS: p=0.626 Toe-off: AS = − 13.5 ± 33.2, HC = − 11.2 ±9.5
    p=0.003  gc: AS =− 0.7±5.3 (� plant), HC = − 1.9±5.1 

 Ankle eversion/inversion 1 Del Din et al.  (16) NS AS = 2.1±2.2, HC = 13.8±3.7

 Ankle internal/external 1 Del Din et al.  (16) 0-10&30-73%: NS AS = 13.93 ±5.4, HC = 10.0 ±1.96
    10-30%: p=0.031 10-30, 73-100%: � internal rotation
    73-100%: p<0.05 

 Maximal ankle dorsi angle 1 Zhang et al.  (17) NS: p=0.075 AS = 17.6±33.6, HC = 10.5±3.3

 Maximal ankle plant angle  1 Zhang et al.  (17) p=0.018 AS = 27.9±28.0 (� plant), HC = 19.6±7.7 

Shoulder angle parameters

 Shoulder rotation 1 Mangone et al.  (14) NS LR: AS = -1.0±4.0, HC = -1.4±4.6
     PS: AS = 1.1±3.9, HC = 1.2±3.2

Values are round to the nearest tenth. For Mangone et al. study  (14), pelvic anterior tilt, flexion and right side anterior (with respect of left side for rotations) 
give positive values. For the Zhang et al. study  (17), flexion, abduction and external rotation of hip and knee, dorsiflexion of ankle and right obliquity of 
shoulder-pelvic give positive values. 
Sign: significance between patients with AS and healthy controls; NS: not significant; AS: ankylosing spondylitis, m: meters; HC: healthy controls; NA: not 
applicable; LR: loading response; PS: pre swing; gc: whole gait cycle; init: initial; max: maximal; min: minimal; fl: flexion; ext: extension; abd: abduction; 
add: adduction; int: internal; ext: external; plant: plantar flexion; dorsi: dorsiflexion.
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was described as more cautious (13, 
16), and less stable (14, 16), with less 
variability (16) than healthy controls, 
associated to decreased lower limbs 
angles in the sagittal plane (13, 16, 17), 
and pelvic tilt (14, 16), that could lead 
to higher energy consumption (14). 
However, these results should be taken 
with caution as case-control studies 
sample sizes were small (Tables I and 
II), and comparisons between studies 
were rather difficult as protocols and 
parameters used were different.

Conclusion and recommendations
This review included 21 studies rele-
vant to gait and AS. Published data evi-
dence that no consensus exists regard-
ing gait analysis methods for patients 
with AS. The methodology used to as-
sess gait as well as the description of 
the testing procedures is quite variable. 
The 6MWT was the most commonly 
used clinical test in patients with AS. 
However, only 2 studies with clinical 
gait measurements had a healthy con-
trol group and, hence, did not allow us 
to conclude on clinical gait alterations 
in AS patients. 
These clinical tests could benefit of (1) 
the addition of wearable sensors (e.g. 
smartphone-based sensors) (78), and 
(2) the use of the dual task paradigm to 
better capture gait characteristics (79, 
80). Indeed, gait of patients with AS 
was associated with decreased stride 
length, pelvic movements and lower 
limbs angles in the sagittal plane, and 
increased hip abduction and external 
rotation in 4 studies with laboratory 
measurements of gait  (13, 14, 16, 17) 
and no study assessed the effect of a 
dual-task. Besides, no study assessed 
the evolution of gait pattern in patients 
with AS along with the natural evolu-
tion of the pathology. We can reason-
ably expect that the combination of 
both clinical and laboratory measure-
ments of gait in patients with AS would 
strengthen the capacity to monitor dis-
ease’s evolution and to predict changes 
in patients’ physical function (81). As 
observed in other diseases, gait could 
be a valuable biomarker to predict out-
comes in this population.
Based on the results of this review, 
published studies are encouraging as 

they provide us the opportunity to pro-
pose guidelines to improve the design 
and methodology for future studies on 
gait and AS. Future studies should fo-
cus on the following recommendations 
regarding the development of gait as-
sessments in patients with AS:
- Study design: prospective case-

control studies and studies assessing 
psychometric properties of gait tests;

- Outcomes: clinical and laboratory 
gait measurements parameters;

- Tests: 6MWT, and gait assessment 
in a single and dual task paradigm;

- Protocols: full description of materi-
als, walkway, environment, instruc-
tions gave to the participants, and 
their footwear.

We hope that these recommendations 
will help to better identify gait charac-
teristics in patients with AS. 
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