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ABSTRACT
Introduction/Objective:  Newly created systems called hippotherapy simulators (hs) mimic the 
primitive movements of a live horse. as they are new systems, research examining their usefulness 
has been well received. the aim of this study is to research the effects of hs on disease activity, 
quality of life and muscle strength in patients with ankylosing spondylitis (as).
Methods:  in a prospective, assessor-blinded, block-randomized trial, 48 as patients were randomly 
assigned in a 1:1 ratio to receive either hs or conventional home (ch) exercise therapy. all 
Participants received 48 sessions, that is 4 sessions a week for 12 consecutive weeks. the primary 
outcome measures included the quadriceps muscle strength, Bath ankylosing spondylitis Disease 
activity index (BasDai), Bath ankylosing spondylitis Functional index (BasFi), Bath ankylosing 
spondylitis Metrology index (BasMi) and ankylosing spondylitis Quality of life scale (asQol).
Results: Both groups demonstrated significant improvement in BasDai, BasFi, BasMi, asQol and 
muscle strength scores compared to the baseline (p < 0.05). BasDai, BasFi and BasMi scores 
decreased significantly in the hs group compared to the ch group at week 12 (p=.005, p=.003, 
p=.045, respectively), but there was no significant difference between the groups in terms of 
asQol and muscle strength scores at week 12 (p=.245, p=.212, respectively).
Conclusions:  the results of this clinical trial of hs exercises for as patients indicate a positive 
effect on disease activity, quality of life and muscle strength. therefore, horse-riding simulator 
exercises can be used as an alternative method for the management of individuals with as.

HIGHLIGHTS
• hippotherapy simulator exercises indicate a positive effect on disease activity, functionality 

and muscle strength in people with ankylosing spondylitis
• For people with ankylosing spondylitis, hippotherapy simulator exercises are a safe workout 

for the spine that uses the core muscles.
• For people with ankylosing spondylitis, the hippotherapy simulator technique can be 

recommended as a long-lasting and affordable fitness program in the near future.
• to determine the efficacy of hippotherapy simulation exercise on other systemic chronic 

inflammatory disease future research are needed.

CLINICAL TRIALS NUMBER: Registration iD: Nct04651725

1.  Introduction

People with ankylosing spondylitis (as) experience 
joint stiffness and pain that mainly affects the spine, 
hips and shoulders [1,2]. since the cause is an inflam-
matory condition, morning stiffness and pain can be 
prominent symptoms [1,2]. inflammation of the 

ligament or joint capsule and enthesitis in the areas 
where tendons attach to bone are the main patho-
mechanisms of this syndrome, causing new bone for-
mation and ankylosis [1–3]. therefore, combinations of 
different anti-inflammatory drugs are an option in the 
management of ankylosing spondylitis [1–3]. 
Furthermore, similar to other chronic musculoskeletal 
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diseases such as osteoarthritis, clinical guidelines rec-
ommend therapeutic exercises and physical activities 
to relieve pain and stiffness [4]. exercise therapy can 
effectively improve musculoskeletal function and 
health-related quality of life in people with as. Despite 
the fact that as can affect muscle strength, balance 
and cardio-respiratory function, the majority of pub-
lished data focuses on mobility exercise, with little 
emphasis on other exercise domains such as strength-
ening, balance or cardio-respiratory exercise [4,5]. 
according to the cochrane Review published by 
Regnaux et  al. there is moderate-to-low-quality evi-
dence to suggest that therapeutic exercises improve 
physical function, reduce pain and may slightly reduce 
participants’ global assessments of disease activity 
compared to the no-intervention group [6]. 
Furthermore, in the existing literature, specific exercise 
programs for as vary in terms of types, such as Pilates, 
yoga, tai chi, water exercises and exergames [6–14]. 
similarly, there is a variety of information on the dos-
age (duration, frequency and intensity) of therapeutic 
programs [4,6,7]. in conclusion, there is consensus that 
‘the most effective therapeutic exercise approach 
remains unclear’ [4,6]. Being a traditional goal for 
patients with as, however, a balanced exercise pro-
gram has focused on improving physical function and 
maintaining posture. according to sarac et  al. loss of 
postural stability, low physical activity, and increased 
fatigue were associated with a decrease in core muscle 
endurance. the authors of this study suggested that 
prescribed exercises could improve core strength in 
the as population [15]. therefore, the main compo-
nents that should be included in the daily exercise 
routine of individuals with as should be mobility exer-
cises for the axial skeleton and peripheral joints, 
anti-gravity muscle strengthening, stretching methods 
and cardiorespiratory fitness [4,6–14].

horseback riding is recommended as a form of 
exercise as it has been shown to offer therapeutic 
advantages [16,17]. hippotherapy has been shown in 
many studies to help stabilize muscles and improve 
core strength, as well as increase circulatory function, 
promote balance and enhance overall health [16,17]. 
the horse’s four-beat gait involves multidirectional 
movements and this pattern is used in physiotherapy 
for postural control, increasing range of motion, bal-
ance, strengthening and stretching [16,17]. Because of 
these characteristics, hippotherapy is used to treat a 
wide range of conditions, including cerebral palsy, 
Down syndrome, muscular dystrophy, cerebrovascular 
disease, multiple sclerosis (Ms), spinal cord disorders, 
autistic behavioral disorders, psychiatric disorders, 
rheumatic diseases and low back pain [18–21]. 

however, this type of exercise requires additional 
safety precautions. even if the horses used for this pur-
pose are very safe and well trained, it is possible for 
them to spook or become nervous. an experienced 
therapist is essential to carry out the activity effec-
tively and safely, and constant care must be taken to 
ensure that the patient does not fall off the horse 
[18–21]. there are also a few other limitations, such as 
allergies to horses or the environment and the cost of 
the treatment. Newly created systems called hippother-
apy simulators (hs) mimic the primitive movements of 
a live horse. as they are a new system, research exam-
ining their usefulness has been well received, espe-
cially in children with cerebral palsy, stroke, multiple 
sclerosis and geriatric patients [22–25]. such repetitive 
movements improve postural rhythm and coordina-
tion, allow reciprocal movement and promote postural 
control by triggering balancing reactions. to our 
knowledge, there are no current studies examining the 
effects of exercises with hs in as patients.

the aim of this study is to research the effects of 
hs on disease activity, quality of life and muscle 
strength in adults with as. therefore, the null hypoth-
esis of this study states that exercises with hs will 
have no effect on disease activity, quality of life and 
muscle strength in adults with as.

Patients and the method

Design and participants

this prospective study was conducted as a random-
ized trial with parallel groups in a single-center.  
the setting of this quantitative study was the outpa-
tient clinic of the physical medicine and rehabilitation 
department of a university hospital (University of 
Usak (turkey)) between september 2020 and 
February 2022.

after the trial was approved by the ethical committee 
of Usak University (iD:38824465-020), prospectively  
registered on www.clinicaltrials.gov (NCT04713813). the 
study was administered based on the updated 
consolidated standards of Reporting trials (cONsORt) 
statement and the cONsORt guidelines were followed.

Prior to a participant’s recruitment, all subjects com-
pleted informed consent forms. also, as a part of the 
consent process all volunteers were told that they 
could quit the study at any time as part of the con-
sent process.

Participants were recruited through the announce-
ments on social media and newsletter from the local 
as patient associations and by word of mouth 
among the outpatient clinic staff of the 

http://www.clinicaltrials.gov
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rheumatology department. individuals were recruited 
and enrolled based on the following inclusion crite-
ria: confirmed diagnosis of as by a rheumatologist 
according to the modified New York diagnostic  
criteria, diagnosed as as at least for two years, age 
18 to 50 years, regular use of disease-modifying 
anti-rheumatic drugs (anti-tumor necrosis factor 
(tNF) agents, sulfasalazine) at a stable dosage for at 
least twelve weeks. Patients were excluded if they 
had a regular exercise habit (totaling a minimum of 
150 min of moderate exercise each week) during the 
previous six months, or in case of the presence of 
comorbid conditions including severe heart, kidney 
and respiratory disease, also, any problems that may 

prevent exercising (mental health, orthopedic, and 
neurological). the dropout criteria for this study 
were serious dosage changes in regular medication 
or a new treatment strategy during the study period, 
and continuity to exercise sessions of less than 85% 
(see Figure 1).

Randomization and blinding

Participants who met the inclusion criteria were ran-
domized to hs or conventional home (ch) exercise 
groups. a statistician blinded to the study prepared 
the computerized random allocation sequence with 
different block sizes. Furthermore, to ensure that 

Figure 1. study flow diagram.
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gender and age were similarly represented, random 
assignment to the intervention arms was stratified 
according to these variables.

there were three measurement periods: the baseline, 
after the interventions (12th week), and the 24th week 
long-term follow-up (following the removal of interven-
tions). so, the same physiotherapist (an outcome asses-
sor) who assesses the patient status and outcome 
measures was blinded to study protocols. Baseline and 
follow-up assessments lasted between 45 and 60 min.

Interventions

Participants in both exercise groups received 48 exercise 
sessions (40 min each), that is 4 sessions a week for 
twelve consecutive weeks. in both types of exercise, 
each session consisted of a five-minute warm-up, includ-
ing side lunges, side stepping, half squat, biceps, triceps 
and deltoid warm-up exercises, and self-range of motion 
exercises for the cervical, thoracic and lumbar spine. in 
addition, 5 min of static stretches (including ‘downward 
facing dog’, ‘seated straddle’, ‘cat-cow’, ‘standing calf 
stretch’ and ‘upper trapezius stretch’ positions) were per-
formed in both groups at the end of the exercise.

Patients in the hs exercise group used the Dragon 
hippotherapy simulator (code ta-022) as gym equip-
ment and performed their exercise sessions in the gym-
nasium of XXX University hospital. an experienced 

physiatrist (aYK) supervised the sessions to ensure that 
the patients performed the exercises correctly. the 
Dragon was built for indoor use and has a three-phase 
motor to mimic the three-dimensional movements of a 
live horse (up and down, forward and backward, and 
left to right). Participants sit in a leather-covered saddle 
and hold on to the saddle’s horn-like handles. sitting in 
the simulator, the participant’s feet in the stirrups are in 
dorsiflexion, both knees and hips are in semiflexion and 
the hip joint is in semi abduction and external rotation. 
While the device was in motion, participants were ver-
bally reminded to keep their head upright and look for-
ward and to maintain correct posture (see Figures 2 and 
3). they were also motivated to keep their shoulders up 
to provide the necessary position to maintain balance. 
the sessions continued by increasing the speed of the 
device according to the patient’s ability.

the conventional home exercise program consisted 
of a warm-up (mentioned above), body weight 
strength training, balance exercises, and static stretch-
ing (mentioned above), as demonstrated by the phys-
iatrist (aYK) at the beginning of the study period. 
During the study period, participants were encouraged 
to participate and their continuity was checked by 
phone calls within 14 days. in addition, all patients 
received an exercise manual booklet and exercise diary.

> low- or moderate-intensity bodyweight exercise rou-
tines were physical tasks performed in the current study. 

Figure 2. (a and b) A Patient’s position for the horse stimulation exercise using the dragon® hippotherapy simulator.
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the first exercise consisted of 6–8 knee or elevated 
push-ups, followed by 8–12 assisted bodyweight squats, 
8–12 walking or jumping jacks, and finally 8–12 assisted 
lunges. the participants then performed 8–12 repetitions 
of leg drops, scissor kicks, and chin tucks (with towel sup-
port) in the prone position. the rest was allowed between 
movements, but the participants were required to com-
plete each set of each exercise before starting a new round.

>simple, enjoyable and safe balance exercises were 
selected for people with as to learn. sessions began with 
a standing march and 3-way kicks for 20–30 s, followed by 
a one-leg stand (supported if necessary) for up to 30 s. 
Finally, heel-to-toe standing or walking was performed for 
up to 30 s. a set of 3 repetitions was performed.

Outcome measurements

For a comprehensive analysis, outcome measures 
were chosen to document changes in muscle strength, 
disease activity, spinal mobility and quality of life 
across different components of the international 
classification of Functioning, Disability and health, 
including activity, body structure and function. 
Primary outcomes included quadriceps muscle 
strength, Bath ankylosing spondylitis Disease activity 
index (BasDai), Bath ankylosing spondylitis Functional 
index (BasFi), Bath ankylosing spondylitis Metrology 
index (BasMi) and ankylosing spondylitis Quality of 
life scale (asQol).

Patients were evaluated by an experienced physio-
therapist (the evaluator was blinded to study design 
and group allocation) at baseline, post-intervention 
and after 6 months of follow-up. Measurements were 
taken at the same time of day (10:00 am) and mea-
sured in order (muscle test, BasDai, BasFi, BasMi and 
asQol) in the same room. the physiotherapist allowed 
sufficient rest time between tests to avoid patient 
fatigue.

Quadriceps muscle strength testing

Quadriceps muscle strength was tested with a 
microFet-2 dynamometer. Reliability and quantifiable 
force evaluation tests (hogan health industries, inc., 
Ut, Usa) were performed with this portable (wireless) 
handheld dynamometer [26]. With clinician stabiliza-
tion, this device has previously demonstrated 
good-to-excellent inter- and intra-rater reliability and 
concurrent validity for a knee strength test in both 
seated and prone positions.

the subject was seated in an upright position with 
arms folded across the chest and no lumbar support. 
a small gap was left between the back of the knees 
and the chair and the knees were positioned at the 
same height as the hips (see Figure 4.). the patient 
was asked and encouraged to perform maximal iso-
metric contractions of the quadriceps muscle for 5 s 
while the physiotherapist produced a counter horizon-
tal resistance force. three isometric maximal voluntary 
contractions were maintained from the dominant side 
(with 90 s’ recovery time between each assessment) 
and the most successful force attempt was recorded in 
Newtons (N).

BASDAI

the patient was asked to answer six questions regard-
ing the five main symptoms of as (fatigue, spinal pain, 
joint pain, tenderness, pain intensity and morning stiff-
ness) over the past week. these self-administered 
questions are on a 0–10 scale and the resulting score 
of 0 to 50 is divided by five to obtain the final BasDai 
score (0–10). low BasDai scores indicate low disease 
activity and good disease control, while high scores 
indicate high disease activity and poor disease con-
trol [27].

BASFI

ten questions comprising the BasFi were asked to 
assess patients’ activities related to their functional and 

Figure 3. Muscle groups that are active to ensure correct pos-
ture and balance are shown while the simulator is running.
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anatomical limitations. a ten-point visual analog scale 
(zero being ‘easy’ and ten being ‘impossible’) was used 
to score each question, and the BasFi score (a value 
between 0 and 10) was obtained from the average of 
the ten scales. higher values are indicative of severe 
impairment [28].

BASMI

the BasMi was used to assess the effect of exercise 
interventions on spinal mobility. this scale ranges from 
0 to 10, with lower scores indicating less mobility lim-
itation and 10 indicating very severe limitation. Four 
measures of spinal mobility (tragus-to-wall distance, 
cervical rotation, lumbar lateral flexion and modified 
schober’s test) and one measure of hip mobility (inter-
malleolar distance) were applied. the total score was 
calculated using the BasMi-10 scoring system [29].

ASQoL

the 18-item ankylosing spondylitis Quality of life 
(asQol) instrument was used as a reliable tool to 
assess the impact of exercise interventions on pain, 
mood, sleep, motivation and ability to cope with daily 
tasks, relationships, self-image and self-esteem. higher 
scores on these Yes/No questions indicate poorer qual-
ity of life in as patients [30].

Sample size calculation

the number of participants included in this study was 
determined based on quadriceps muscle test data 
from a previously published study. according to the 
results of Ogut et  al. the mean muscle strength before 
treatment was 40.6 Nm with a standard deviation of 
6.5. the mean muscle strength after treatment was 
44.8 Nm. the sample size calculation was based on a 
power of 80% (β 0.2), a dropout rate of 25% and a 
statistical significance (α = 0.05) of 95% (p = .05). 
therefore, 24 patients were required in each group.

Statistical analysis

Data analysis was performed using iBM® sPss® statis-
tics 17.0 software (sPss inc. Released 2008. sPss 
statistics for Windows, Version 17.0. chicago). the nor-
mal distribution of variables was examined using the 
Kolmogorov-smirnov test, which was suitable for our 
sample sizes. Median, minimum and maximum values 
and percentages were used to present quantitative 
data. changes from baseline to follow-up examinations 

are presented descriptively as trend directions in the 
outcome response. change within group was assessed 
by calculating the change in variables (follow-up value 
minus baseline value) and reported as median differ-
ence. student’s t-test was used to compare baseline 
demographic and clinical characteristics between 
groups and descriptive statistics were calculated for 
demographic data. cohen’s d coefficient was used to 
calculate the effect size for change in each group 
(mean sD of differences). effect sizes were divided into 
three categories: small ‘0.20–0.49’, medium ‘0.50–0.80’ 
and high ‘>0.8’. a P-value less than 0.05 was consid-
ered statistically significant.

Results

Forty-eight people with as participated in this study. 
six patients dropped out due to inability to participate 
in exercise sessions (n = 4) and inadequate follow-up 
(n = 2). Finally, 42 of the 48 participants completed the 
post-intervention assessment (month 3) and follow-up 
at 6 months (Figure 1).

the mean age for the entire cohort was 34.9 years 
and 64.2% of the cohort was male. the groups were 
similar and there was no significant difference between 
the two groups in terms of demographic/clinical char-
acteristics and baseline physical examination findings 
(table 1) (p > .05). compliance with exercise sessions 
was calculated as the percentage of workouts attended 
by each participant. compliance with the conventional 
home-based exercise program was 85.4% for the ch 
group (mean 41.21 of 48 possible sessions; min 40; 
max 48) and 87.5% for the hs group (mean 42.32 of 
48 possible sessions; min 41; max 48). there was no 

Figure 4. Position of patients with ankylosing spondylitis for 
the microfeT® 2 dynamometer knee-extensor assessment.
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significant difference between the two groups in terms 
of compliance rates (p = .251).

No serious or mild adverse effects were noted in 
either group. Only one patient experienced transient 
discomfort immediately after the first two sessions of 
hs exercise. however, this patient tolerated the exer-
cise well and no medical intervention was required.

Baseline BasDai, BasFi, BasMi, asQol and muscle 
strength scores were similar between the two groups 
(p > .05) (table 2). Under exercise conditions and from 
baseline to week 12, BasDai, BasFi, BasMi, asQol 
and muscle strength scores improved significantly in 
both groups (p < .05). BasDai, BasFi and BasMi scores 
decreased significantly in the hs group compared to 
the ch group at week 12 (p = .005, p = .003 and p = .045, 

respectively), but there was no significant difference 
between the two groups in terms of asQol and mus-
cle strength scores at week 12 (p = .245 and p = .212, 
respectively). however, as seen in table 2, intergroup 
comparison did not reveal a significant difference 
between the two groups for all outcome measures at 
3-month follow-up (p > 0.05). the results of between- 
and within-group analyses and effect sizes are pre-
sented in table 2.

Discussion

this study demonstrated that 48 sessions of hippother-
apy simulation workouts significantly improved func-
tionality, muscle strength and quality of life in 
individuals with as leading a sedentary lifestyle. 
comparing the treatment approaches, daily activity 
scores, functionality and spinal mobility showed a sta-
tistically better improvement in the hs group at week 
12. all patients tolerated the planned exercise pro-
grams and no adverse events were recorded during 
the training sessions in either group. Nevertheless, this 
prospective study did not show improvement in any 
study outcome at 6-month follow-up.

according to the analytical assessment of hilliere 
et  al. hs improves the physical and mental skills of 
elderly patients [31]. they also emphasize that hip-
potherapy and simulation sessions both significantly 
improve physical function in older people from pre 
to post intervention [31]. We anticipate that future 
work will address hs exercises in the elderly popula-
tion, which could be a safe and sustainable exercise 
plan in the group of as patients with bone changes/
ankylosis, mobility and balance disorders, 

Table 1. demographics and characteristics of participants 
(n = 42).
characteristics Hs group (n = 20) cH group (n = 22) p
Age (y) mean ± sd 34.4 ± 7.3 35.5 ± 7.3 .612
sex n (%) .2.45
 female 7 (35%) 8 (36.3%)
 Male 13 (65%) 14 (63.6%)
BMi mean ± sd 28.4 ± 4.5 27.6 ± 5.1 .116
education (y) 

mean ± sd
13.2 ± 5.5 13.1 ± 4.6 .354

duration of symptoms 
(months)

72.4 ± 36.4 76.4 ± 42.1 .211

Age at initial 
diagnosis

28.4 ± 5.8 28.6 ± 6.3 .114

Medications n (%) .342
 nsAids only 6 (30%) 6 (27.2%)
 sulfasalazine and 

nsAids
6 (30%) 7 (31.8%)

 Biologic 
medications

8 (40%) 9 (40.9%)

smoking Rate 11 (55%) 12 (54.5%) .123

Hs: Hippotherapy simulation exercise; cH: conventional home exercise; sd: 
standard deviation; BMi: body mass index (kg/m2); y: year; n: number; 
nsAid: non-steroidal anti-inflammatory drugs.

Table 2. Within-group and between group comparisons of outcomes.
Pre- to Post 
intervention

Pre intervention to
follow-up ‘p’ value for difference

Pre intervention
(Mean ± sd)

Post intervention
(Mean ± sd)

follow-up
(Mean ± sd) ‘p’ value effect size ‘p’ value effect size Post int follow-up

Muscle strength (n) .212 .177
 Hs 250.8 ± 64.5 271.2 ± 67.6 251.3 ± 62.1 .001 0.30 .264 0.07
 cH 255.4 ± 71.4 279.2 ± 75.4 253.6 ± 63.9 .001 0.31 .457 0.02
BAsdAi .005 .072
 Hs 5.2 ± 1.6 3.1 ± 1.3 4.7 ± 1.4 .006 0.95 .341 0.27
 cH 5.2 ± 1.6 3.9 ± 1.4 5.1 ± 1.7 .009 0.91 .555 0.14
BAsfi .003 .079
 Hs 3.6 ± 1.4 1.6 ± 1.1 3.4 ± 1.4 .019 0.78 .311 0.35
 cH 3.7 ± 1.5 2.9 ± 1.5 3.7 ± 1.5 .020 0.83 .375 0.28
BAsMi .045 .321
 Hs 2.8 ± 1.4 1.7 ± 1.1 2.3 ± 1.4 .015 0.42 .247 0.08
 cH 2.8 ± 1.5 2.0 ± 1.2 2.3 ± 1.5 .039 0.46 .313 0.08
AsQol .245 .267
 Hs 10.6 ± 3.6 6.6 ± 2.7 9.9 ± 3.4 .022 0.55 .135 0.60
 cH 10.9 ± 3.7 7.2 ± 3.0 10.6 ± 3.6 .025 0.50 .156 0.63

BAsdAi: Bath Ankylosing spondylitis disease Activity index; BAsfi: Bath Ankylosing spondylitis functional index; BAsMi: Bath Ankylosing spondylitis 
Metrology index; AsQol: Ankylosing spondylitis Quality of life scale n: newton; Hs: Hippotherapy simulation exercise; cH: conventional home exercise; 
sd: standard deviation.
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osteoporosis, and cardiorespiratory consequences of 
the disease. the movements of the horse are used in 
occupational therapy techniques to improve motor 
control, coordination, balance, attention, sensory 
processing and performance in daily activities. 
therefore, we hypothesized that hs exercises con-
tribute to spinal mobility, disease activity, and func-
tionality through similar mechanisms. sustainability 
of physical activity promotes and supports overall 
health, well-being and functional outcomes. 
according to our results, adherence rates for the 
exercise session were high in both groups (85.4% for 
the ch group and 87.5% for the hs group). the rid-
ing simulator has significant advantages over live 
horse therapy, which has an older and evidenced use 
in rehabilitation. the simulator is lightweight, 
low-priced, has no space restrictions and is not 
affected by weather conditions. it also promotes bal-
ance and postural stability exercises in a safe and 
non-excessive way [23–25]. therefore, these techno-
logical features increase participation in the exercise 
program offered by the simulator.

Potential reasons for heterogeneity in exercise tri-
als on people with as include participants’ differing 
disease severity, exercise frequency, intensity, dura-
tion and types of exercise. however, the results of 
systematic reviews of exercise interventions in 
patients with as show a high level of consistency, 
suggesting mild to moderate benefits for disease 
activity, axial mobility, function and pain. according 
to a cochrane review aimed at evaluating the bene-
fits of exercise programs for people with as, exercise 
approaches showed a reduction in disease activity 
with low-quality evidence compared with usual care 
[6]. Furthermore, for physical function, measured by 
the BasFi scale, moderate-quality evidence showed 
an improvement after exercise sessions, and a clini-
cally meaningful improvement was observed for spi-
nal mobility with very-low-quality evidence [6]. 
however, according to the results of the cochrane 
review, no clinically meaningful benefit was seen for 
the BasFi and BasMi scales immediately after com-
pletion of the exercise program [6]. however, in this 
study, more favorable improvements were seen in 
both groups immediately after completion of the 
exercise interventions. thus, based on the findings of 
our study under exercise conditions and from base-
line to week 12, BasDai, BasFi and BasMi scores 
were significantly reduced in the hs group compared 
to the ch group (p=.011, p=.013 and p=.045, respec-
tively). three different clinical trials evaluating the 
effectiveness of exercise programs in patients with 
ankylosing spondylitis (versus no intervention) found 

significantly lower disease activity, improved physical 
function score, and increased spinal mobility at the 
end of the exercise intervention [32–34]. similarly in 
our study, both exercise groups showed significant 
improvements in BasDai, BasFi and BasMi scores at 
the end of the interventions (week 12), but no 
improvement was seen at long-term follow-up (week 
24). Few studies have evaluated quality of life as an 
outcome of exercise interventions in the as popula-
tion. Bestas et  al. and Dundar et  al. emphasized that 
water-based exercise showed more remarkable effects 
on improvement in quality of life than land-based 
exercise [35,36]. Garcia et  al. found the effects of 
exercises on quality of life to be insufficient [37]. 
according to our results, improvement in disease 
scores was achieved with hs and exercises may 
improve quality of life in as patients. Beinotti et  al. 
found significant improvement in sF-36 total score 
after hs exercises in a stroke population and sug-
gested that hs exercises may provide positive quality 
of life outcomes for people with stroke [38]. similar 
results regarding quality-of-life outcomes were 
reported by silkwood-sherer DJ and McGibbon Nh in 
children with cerebral palsy [39]. therefore, we antic-
ipate that further clinical research will be conducted 
to demonstrate that hs exercises may be an effective 
intervention to treat musculoskeletal deficits, move-
ment abnormalities and quality-of-life outcomes in 
diverse patient populations.

a few as studies have included muscle strength 
training as part of the exercise program. however, in 
most of these studies, neither muscle strength nor 
other relevant physiological responses were measured 
[40]. in a study by carter et  al. evaluating the physical 
abilities of patients with as, researchers found that 
participants’ weak quadriceps and other peripheral 
muscles were mostly responsible for their reduced 
aerobic capacity and exercise intolerance [41]. two 
studies by sahin et  al. evaluating ankle and knee 
muscle strength and fatigue in as patients along with 
healthy controls provided evidence of lower extremity 
weakness in as patients [42,43]. souza et  al. evaluated 
the effectiveness of a progressive muscle strengthen-
ing program using a swiss ball for as patients and 
reported increased muscle strength in the abdominal, 
quadriceps and triceps muscles. Measurement of mus-
cle strength with a hand-held dynamometer is a 
strong point of our study method and our results 
showed that hs exercises performed for 12 weeks 
increased quadriceps muscle strength in as patients 
[33]. Kim and lee examined muscle activation of core 
muscles in an elderly population and reported signifi-
cant improvement in rectus abdominis, erector spinae, 
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quadratus lumborum, external oblique and gluteus 
medius muscle strength with a 40-session hs 
exercise-based intervention [44]. Our findings are con-
sistent with the study of Kim and lee, who observed 
non-significant changes in muscle strength during 
long-term follow-up periods.

a home-based exercise approach is a simple and 
cost-effective treatment for as patients. compared to 
a control group, there is moderate-quality evidence 
that home-based or supervised individualized exer-
cise regimens have a positive impact on various 
measures of spinal mobility in as patients [40]. 
aytekin et  al. investigated the effects of home-based 
exercise therapy on disease activity, pain, quality of 
life and mobility in as patients. With range of motion, 
stretching, strengthening, posture and breathing 
exercises, the exercise group showed significant 
improvements in pain, mobility, quality of life and 
disease activity scores at the third month [45]. in our 
study, we applied a similar home exercise program 
for the control group and reported comparable 
improvement in muscle strength, BasDai, BasMi and 
BasFi scores.

although this study provided novel and important 
results, some potential shortcomings should be men-
tioned. While acute-phase reactants, particularly eryth-
rocyte sedimentation rate (esR) and c-reactive protein 
(cRP), may be quantitative follow-up parameters that 
can be used to monitor as patients, our study did not 
have laboratory tests to define disease activity or pro-
gression with interventions. second, in comparing the 
two separate exercise regimens, the groups were given 
the same amount of time to exercise but not the same 
intensity. therefore, future studies should compare as 
patients who received hs treatment with as patients 
who received supervised exercise on land or in water. 
another limitation is that we can only generalize our 
results to individuals with as with mild disabilities; 
therefore, caution should be exercised in generalizing 
the results. Finally, not all measures were collected 
because of concerns about survey overload. Future 
studies should include assessment of balance and core 
muscle activation or endurance. cost-effectiveness and 
treatment satisfaction with hP are also issues that 
need to be investigated.

Conclusion

the results of this first randomized clinical trial of hs 
exercises for as patients indicate a positive effect on 
disease activity, quality of life and muscle strength. 
thus, the social advantage of this clinical trial is the 

opportunity to introduce a novel recreational exercise 
approach for as patients. the possibility of combining 
hs exercises with other types of therapy could be a 
new research topic in future studies.
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