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as well as for the parameters of daily pain (p < 0.01), PGA 
(p < 0.05), DGA (p < 0.01), BASDAI (p < 0.05), ASDAS-
CRP (p < 0.05), ASDAS-ESR (p < 0.01), lumbar side flex-
ion (p < 0.01), the modified Schober test (p < 0.01), and 
ASQoL (p < 0.05) at 6 weeks. Our study showed that ultra-
sound treatment increases the effect of exercise in patients 
with ankylosing spondylitis.

Keywords Ankylosing spondylitis · Exercise · 
Ultrasound treatment

Introduction

Ankylosing spondylitis (AS) is a widespread chronic 
inflammatory rheumatic disease manifested by inflamma-
tory back pain [1]. The disease is a major subtype and a 
main outcome of an inter-related group of spondylarthritis 
[2]. Inflammatory back pain, asymmetrical peripheral oli-
goarthritis (predominantly of the lower limbs), enthesitis, 
and specific organ involvement such as anterior uveitis, 
psoriasis, and chronic inflammatory bowel disease are clin-
ical features of this group [1].

Besides pain, bone bridgings and syndesmophytes in 
spine also cause consisting severe limitations in the coming 
period of patients with AS. Ankylosis of spine affects the 
daily life activities adversely, which results in functional 
failure and diminishing workforce participation.

The main purposes of the AS treatment are to reduce 
symptoms of pain, stiffness, and fatigue, to restore and 
maintain correct posture, to provide physical and psychoso-
cial functionality, and to improve long-term health-related 
quality of life [3].

The most appropriate treatment of AS patients is a com-
bination of pharmacological and non-pharmacological 
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US treatment and exercise therapy were applied to control 
group (25). Patients were evaluated before treatment, at the 
end of treatment, and 4 weeks after the treatment. Daily 
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(PGA), doctor global assessment (DGA), Bath Ankylos-
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Ankylosing Spondylitis Functional Index (BASFI), Bath 
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erythrocyte sedimentation rate (ESR), and ASDAS C-reac-
tive protein (CRP) were used as clinical parameters. In US 
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2 and 6 weeks, in comparison with the baseline. In pla-
cebo US group, significant improvement was obtained for 
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groups showed significantly superior results of US group 
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methods [4, 5]. Physical therapy and exercise are signifi-
cant part of the non-pharmacological treatment. There are 
many studies showing that exercise treatment is beneficial 
[6, 7]. The number of studies showing the effectiveness of 
physical therapy modalities in AS is limited [8, 9].

Therapeutic ultrasound is among the commonly used 
physical modalities for treating musculoskeletal disorders 
[10]. US’s degree of clinical benefit as a physical therapy 
treatment remains uncertain [11, 12]. Thermal effects of 
US are thought to cause changes in nerve conduction veloc-
ity, an increase in enzymatic activity, and changes in con-
tractile activity of skeletal muscles as well as an increase 
in collagen tissue extensibility, an increase in local blood 
flow, and an increase in pain threshold, reducing muscle 
spasm [13]. Non-thermal effects of US are due to alteration 
of cell membrane activity, vascular wall permeability, and 
facilitation of soft tissue healing [14].

In the only study so far that examines the efficacy of 
US treatment on AS patients, 30 patients were randomly 
divided into two groups called medical treatment (MT) 
group and the physical therapy (PT) group [8]. MT group 
received medical and exercise treatment, while the PT 
group additionally was treated with physical therapy agents 
(US and infrared). A total of 20 sessions, each of which 
consisted of infrared radiation for 30 min and 1.5 watt/
cm2 US for 10–20 min, were applied to the paravertebral 
muscles in PT group. Both groups received an exercise 
program consisting of respiratory, postural, and stretch-
ing exercises, once a day, for 30 min. Quality of life was 
evaluated by SF-36 and Nottingham Health Profile (NHP); 
emotional status was evaluated by Beck Depression Scale 
(BDS). Comparison of the two groups showed significantly 
superior results for PT group in terms of pain during rest, 
movement, and night, SF-36, NHP, and BDS. Researchers 
suggested the use of physical therapy agents in the treat-
ment of AS due to improvements achieved not only on pain 
but also on life quality and emotional status. Despite com-
mon use in clinical practice, the literature investigating the 
effects of US in AS patients is lacking [8]. The aim of this 
study was to investigate the effect of US treatment when 
added to exercise therapy on pain, morning stiffness, dis-
ease activity, function, spinal mobility, and quality of life in 
patients with AS.

Materials and methods

A randomized, prospective, double-blind, placebo-con-
trolled trial was conducted. Patients aged between 25 and 
60 years who fulfilled the modified New York criteria for 
AS with a moderate degree of spinal pain assessment score 
of ≥4 on Numerical Rating Scale (NRS; 0–10 scale) were 
elected for participation in the study. This study included 

fifty-two patients matching those criteria. They were under 
the regular follow-up protocol in our outpatient clinic. 
Exclusion criteria were the presence of malignancy, sys-
temic problems, infection, and pregnancy. Furthermore, 
patients who had received TNF inhibitors, corticosteroids 
injection for sacroiliac joint in the previous 12 weeks, 
any physical modalities for spinal area in the previous 
12 weeks, and/or any disease-modifying anti-rheumatic 
drug with a change in dosage in the previous 6 months 
were excluded. Detailed blood analysis was performed. 
The study was approved by the Human Research Ethics 
Committee. The patients were informed about the aim and 
nature of the study. Informed consent was obtained from all 
patients prior to inclusion in the study.

Treatment protocol

The study protocol was a randomized, placebo-controlled, 
double-blind design. A total of 52 patients were randomly 
assigned to two groups. The patients in US group (n = 27) 
received continuous US using 5 cm2 head US device 
(Enraf–Nonius Sonopuls 434) (frequency 1 MHz, inten-
sity 1.5 watt/cm2, duration 15 min), and placebo US group 
(n = 25) received placebo US with an inactive probe. The 
therapy was applied to the patients for ten sessions (i.e., 
working days of following 2 weeks) (Fig. 1). The physi-
otherapist applied US with slow circular movements using 
the transducer head over the both sides of the paravertebral 
cervical, thoracal, lumbar spine for 5 min to each part. The 
physiotherapist moved the applicator at the same rate and 
pressure as for the placebo US group keeping the appli-
ance off. The physician and the patients did not know 
that which patients received US or placebo US during the 
study. US was not consistently applied to the same area in 
both treatment and placebo groups. The physiotherapist 
applied US with slow circular movements, using the trans-
ducer head over the both sides of the paravertebral cervi-
cal, thoracal, lumbar spine. Therefore, there was a little 
increase in heat in both groups. Heat increase difference 
between the groups was barely recognizable, so the blind-
ing was maintained. Both groups were given instructions 
on the exercise program which contained postural exer-
cises; back-strengthening exercises of the cervical, tho-
racic, and lumbar spine; and stretching of the erector spine 
muscle, hamstring muscles, pelvic muscles, and breathing 
exercises.

Patients did the exercises five times a week for 30 min 
under supervision of the therapist who also applied US 
during the treatment for 2 weeks. After US treatment was 
completed, home exercise programs were given. These 
home exercise programs included identical exercises for all 
patients. Same physiotherapist showed exercise program. 
Patients were requested to repeat the exercises individually, 
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five times a week for 30 min throughout 4 weeks after the 
US treatment.

Randomization

Randomization was done by a computer-generated list of 
numbers, and group allocation was concealed. An inde-
pendent person who was blinded to the research protocol 
and not otherwise involved in the trial operated the random 
assignment.

Evaluation parameters

The ASAS working group has developed patient-centered 
disease activity, functional disability, and quality of life 
assessment instruments for AS called core set. The assess-
ment instruments have found widespread use for clinical 
record keeping and assessment of response to the treatment 
[15]. In our study, assessments were performed in three 
stages: First, at the beginning of the treatment then immedi-
ately after the treatment (2 weeks following the beginning 
of the treatment) and finally 6 weeks after the beginning of 
the treatment (4 weeks after the end of the treatment), all 
by a physician who was blinded to the patients according 
to core set.

Outcome measures

Both groups were evaluated for pain (daily and night), 
stiffness, PGA, DGA with Numerical Rating Scale (NRS) 

(0–10) (the patient normally suffered during the week 
immediately prior to answering the questions). The disease 
activity was assessed by BASDAI (0–10), ASDAS-CRP, 
and ASDAS-ESR. The functional status of patients with AS 
was assessed by the BASFI (0–10). The spinal mobility of 
AS patients was assessed by the BASMI (0–2) and chest 
expansion. BASMI includes intermalleolar distance, modi-
fied Schober, tragus-to-wall distance, cervical rotation, and 
lumbar lateral flexion. Besides total BASMI score, scores 
belonging to each component of BASMI were also com-
pared between the groups. ASQoL (0–18) is used to evalu-
ate the quality of life of patients with AS. Turkish validity 
and reliability studies were conducted for all these ques-
tionnaires [16–18].

Medications of patients were not changed during the 
study. All patients were using nonsteroidal anti-inflam-
matory drugs (NSAID). The patients in both groups were 
informed about the disease and significant points that they 
should consider in daily life as an AS patient.

Statistical analysis

Number Cruncher Statistical System (NCSS) 2007, Power 
Analysis and Sample Size (PASS) 2008, and Statistical 
Software (Utah, USA) were used for statistical analysis. 
Student t test software was used in evaluating the study 
data for comparing statistical methods (average, standard 
deviation, median, frequency, and ratio) alongside quanti-
tative data and parameters that show normal distribution. 
Mann–Whitney U test was used in the comparison of two 

Fig. 1  Flow diagram of 
participation and withdrawals 
for patients in ultrasound and 
placebo ultrasound groups
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groups that do not show normal distribution. Repeated-
measures ANOVA (repeated-measures analysis of variance) 
was used for intragroup examination of normally distrib-
uted variables, while adjusted Bonferroni test was used in 
post hoc comparisons. Friedman test and Wilcoxon signed-
rank test were used in non-normally distributed variables of 
intragroup evaluations. Yates continuity test was used in the 
comparison of qualitative data. Significance was evaluated 
at p < 0.05 level.

Results

Pretreatment data showed no significant difference between 
the two groups in the demographic characteristics, medica-
tion, disease duration, and sick leave (Table 1). Also pre-
treatment data showed no significant difference between the 
two groups in evaluation parameters except chest expansion, 
BASFI, and CRP level (Table 2). In US group, all param-
eters showed significant improvements at 2 and 6 weeks, in 
comparison with the beginning of the treatment (Table 2). 
In placebo US group, significant improvement was obtained 
for all parameters (except tragus-to-wall distance and 

modified Schober test at 2 weeks, and lumbar side flexion 
and modified Schober test at 6 weeks) (Table 2).

Comparison of the groups showed significantly supe-
rior results of US group for parameters of BASMI, tra-
gus-to wall distance, PGA, and DGA at 2 weeks, as well 
as for the parameters of daily pain, PGA, DGA, BASDAI, 
ASDAS-CRP, ASDAS-ESR, lumbar side flexion, the modi-
fied Schober test, and ASQoL at 6 weeks (Table 3). In both 
groups, there were no significant differences in CRP and 
ESR levels at 2 and 6 weeks compared to pretreatment. No 
side effects and no complications of either treatment proto-
col were observed.

Discussion

Results of our study showed that more significant improve-
ment was obtained in AS patients to whom US was con-
ducted to spinal area together with exercise than patients in 
control group for pain at daytime, disease activity, lumbar 
mobility, and quality of life.

There are many studies that demonstrate the positive 
effects of US in other painful musculoskeletal diseases. 

Table 1  Summary of 
demographics parameters

a Student t test
b Mann–Whitney U test
c Yates continuity correction
d Fisher–Freeman–Halton
e Fisher’s exact test

US group (n = 27) Placebo US group (n = 25) P

Mean ± SD Mean ± SD

Age (year) 37.89 ± 8.76 41.40 ± 9.53 0.172a

Height (m) 1.65 ± 0.10 1.68 ± 0.087 0.104a

Weight (kg) 71.89 ± 14.24 78.60 ± 17.05 0.129a

Disease duration (year) 8.22 ± 7.73 9.34 ± 7.16 0.652b

n (%) n (%)

Medication 27 (100) 25 (100) 0.886c

Sex

 Female 12 (44.4) 16 (64.0) 0.256c

 Male 15 (55.6) 9 (36.0)

State of education

 Secondary school 12 (44.4) 14 (56.0) 0.277d

 High school 8 (29.6) 9 (36.0)

 University 7 (25.9) 2 (8.0)

Marital status

 Married 1 (3.7) 4 (16.0) 0.183e

 Single 26 (96.3) 21 (84.0)

Sick leave

 No 23 (85.2) 20 (80.0) 0.722e

 Yes 4 (14.8) 5 (20.0)
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Ebadi et al. conducted a study in 50 patients with chronic 
low back pain (CLBP) who were randomly assigned to 
two groups. Semi-supervised exercises were given to both 
groups, while the intervention group received continu-
ous US and the control group received placebo US totally 
for 10 sessions three times a week. Significantly better 
improvement in Functional Rating Index was reported in 
the US group [19].

In another study, 59 patients with CLBP were rand-
omized into three groups. Group I received an electrical 
stimulation (ES) program and exercise treatment, group 
II received an US treatment and exercise treatment, while 
group III received only exercise treatment. They found 
that US and ES treatments have a positive impact on pain, 
isometric strengthening of the extensor muscle group, and 
quality of life in patients with CLBP in comparison with 
the control group [20].

In our study, US group similarly had significantly supe-
rior results in decrease of spinal pain at 6 weeks. US rises 
thermal molecular motion resulting in a tissue temperature 
increase. That leads to changes in nerve conduction veloc-
ity, a rise in pain threshold, an increase in the flexibility 
of tissue collagen and local blood flow, and a decrease in 
muscular spasm [13, 21]. It has been shown that allogenic 
substances leave the affected area with vasodilatory effect 
of heat. Heat leads to muscle relaxation with reflex stimu-
lation of type Ib fibers and Golgi tendon organs, reducing 
efferent gamma-muscular activity. Analgesic effect occurs 
indirectly as a result of reduced muscle tone. Thermorecep-
tors, which transmit the message proximally to the dorsal 
horn and may also inhibit transmission of the painful stim-
ulus according to the gate control theory, are stimulated by 
the heat [22]. Non-thermal effects of US are cavitation and 
microflows which change the permeability of the cell mem-
brane and accelerate soft tissue healing [23]. Morrisette 
et al. showed that continuous application of US at 1 MHz of 
1.5 or 2 W/cm2 generates sufficient heat in lumbar periar-
ticular tissues to induce theoretical therapeutic effects (i.e., 
pain reduction, stiffness reduction of the tissue healing, col-
lagen elasticity change) of US [24]. Therefore, we applied 
the US treatment in the frequency and intensity (1 Hz, 
1.5 W/cm2) reported to be efficient. In the study of Sari, 30 
patients were randomly divided into medical (MT) and the 
physical therapy (PT) groups. MT group received medical 
and exercise treatment, while the PT group was addition-
ally treated with physical therapy agents (US and infrared). 
Both groups received exercise programs which contained 
respiratory, postural, and stretching exercises, once a day, 
for 30 min. Comparison of the two groups showed signifi-
cantly superior results for PT group in parameters of pain, 
SF-36, NHP, and BDS [8]. In our study, infrared radiation 
was not used. There are not many studies in the literature 
showing that US is effective for rheumatoid arthritis [25]. 

In one of those studies, 50 patients were randomly divided 
into US and placebo US groups. US was applied in water to 
the dorsal and palmar aspects of the hand (frequency unde-
termined, intensity 0.5 watts/cm2, duration 10 min) contin-
uously using a circular round head. The treatment regimen 
lasted 3 weeks, for a total of ten sessions. Results showed 
notably significant increase in grip strength in the treat-
ment group compared with placebo, expressed as weighted 
mean difference. Significantly better results were achieved 
in the US group in terms of wrist dorsal flexion, duration 
of morning stiffness, number of swollen joints, and number 
of painful joints. No statistically significant difference was 
found between the groups in terms of decrease in proximal 
interphalangeal circumference. No harmful side effects 
were reported [26]. A significant recovery in pain, disease 
activity, mobility, and quality of life was found in the US 
group compared with the placebo US group in our study. 
We did not find statistically significant difference between 
groups in duration of morning stiffness.

There are also studies indicating that US is not efficient. 
In a review by Ebadi et al. [11], authors determined that 
there was not any high-quality evidence supporting US’s 
effect in improving pain or quality of life in patients with 
non-specific chronic LBP. In another review, authors con-
cluded that US’s effect is only based on empirical experi-
ence and there are no well-designed controlled studies 
proving such effect. On the other hand, they bring forward 
the question whether US treatment may enhance the effect 
of exercise therapy in musculoskeletal disorders [12].

In another study showing the efficacy of physical ther-
apy modalities in the treatment of AS, the patients in group 
I (n = 19) received low-level laser therapy (LLLT) (1.2 J, 
30 mW) and group II (n = 18) received placebo laser with 
an inactive probe for 10 sessions. There was no statistical 
difference between groups in terms of VAS at rest and dur-
ing movements, morning stiffness, PGA, BASDAI, BASFI, 
and ASQoL scores in pretreatment, second and eighth 
weeks [9].

Exercise therapy has been shown to be effective in the 
management of AS patients [27–31]. In a study by Lim 
et al., 50 patients were assigned into two groups: first group 
received exercise program, 30 min per day for 8 weeks and 
the control group did not receive any treatment. Signifi-
cant improvement in VAS pain, fingertip-to-floor distance 
(FFD), and BASFI was achieved in the exercise group 
when compared to the control group [27]. Uhren et al. 
evaluated exercise and changes in health status in patients 
with AS. They concluded that exercise reduces stiffness, 
pain, and increases function [29]. Sweeney et al. compared 
the effect of a 6-month home-based exercise therapy with 
a non-intervention control group. Significant difference 
was found in favor of the exercise group for pain. However, 
they reported no difference in BASDAI and BASFI [30]. In 
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the study of Kraag which included 53 AS patients divided 
into two groups, treatment group received a 4-month home 
exercise program and disease information, while the other 
group received no treatment. The educational program was 
not described, but the treatment objectives were disease 
education, pain control, and improved posture and func-
tion. Following the 4-month intervention period, a signifi-
cant improvement was observed in the treatment group for 
mobility and physical function. No significant differences 
between the groups were found for VAS pain [31].

In our study, placebo US group showed significant 
improvement for all parameters (except for tragus-to-wall 
distance and modified Schober test at 2 weeks, and lum-
bar side flexion and modified Schober test at 6 weeks). We 
observed that exercise therapy given together with US is 
more useful than sole exercise therapy with regard to pain, 
PGA, disease activity, lumbar mobility, and quality of life. 
Although there was a difference in baseline CRP, BASFI, 
and chest expansion scores between the groups, no differ-
ence was present in baseline BASMI scores and in most 
other parameters (pain, morning stiffness, BASDAI, and 
ASDAS) related to inflammation and disease activity. We 
interpreted that this difference in baseline did not affect 
results of our study.

In a study investigating the efficacy of balneotherapy in 
patients with AS, 60 patients were randomly assigned to two 
groups. Group I received balneotherapy and exercise program 
and patients in group II received only the same exercise pro-
gram. Balneotherapy was reported to improve the disease 
activity and functional parameters in AS patients over a rela-
tively short period; its positive effects were not found to be sig-
nificantly superior to exercise alone in the medium term [32].

A comprehensive review presented that an individual 
home-based or supervised exercise program produces bet-
ter results in treatment of AS compared to no intervention, 
while supervised group physiotherapy produces better 
results than home exercises. Furthermore, combined inpa-
tient spa–exercise therapy conducted after group physi-
otherapy was observed to produce better results than group 
physiotherapy alone [6].

In conclusion, application of continuous US treatment 
with exercise therapy resulted in significant recovery in 
terms of pain, stiffness, lumbar mobility, disease activity, 
and quality of life in patients with AS. US group had no 
significant benefits when compared to placebo group in 
terms of night pain, morning stiffness, BASFI, BASMI, 
chest expansion, tragus-to-wall distance, cervical rotation, 
and intermalleolar distance at 6 weeks.

Table 3  Comparison of the two groups on the basis of the post-treatment (both week 2 and week 6) mean difference scores relative to pretreat-
ment (week 0) values

ASQoL Ankylosing Spondylitis Quality of Life, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondy-
litis Functional Index, BASMI Bath Ankylosing Spondylitis Metrology Index, CRP C-reactive protein, ESR Erythrocyte sedimentation rate

* p < 0.05; ** p < 0.01

0 week 0–2 week 0–6 week

US group Placebo US group US group Placebo US group US group Placebo US group

Daily pain (0–10) 6.41 ± 1.95 7.04 ± 1.97 2.33 ± 1.66 1.76 ± 2.40 3.44 ± 2.13** 1.80 ± 2.76

Night pain (0–10) 5.48 ± 3.16 6.72 ± 2.22 2.29 ± 1.91 2.16 ± 2.82 3.33 ± 2.71 2.44 ± 3.18

PGA (0–10) 6.48 ± 2.13 6.56 ± 1.47 2.44 ± 1.78** 1.16 ± 1.43 3.14 ± 2.36* 1.40 ± 2.17

DGA (0–10) 6.15 ± 1.87 6.32 ± 1.31 2.18 ± 1.54* 1.08 ± 1.32 2.85 ± 2.07** 1.16 ± 1.90

Morning stiffness (0–10) 5.04 ± 3.64 4.84 ± 3.02 2.62 ± 2.69 1.28 ± 2.60 3.14 ± 3.24 1.56 ± 1.75

BASDAI (0–10) 5.33 ± 1.95 5.44 ± 1.67 1.67 ± 1.13 1.07 ± 1.32 2.32 ± 1.36* 1.17 ± 1.72

ASDAS-CRP 2.26 ± 0.63 2.42 ± 0.57 0.70 ± 0.51 0.41 ± 0.56 0.97 ± 0.60* 0.41 ± 0.74

ASDAS-ESR 3.06 ± 0.78 3.15 ± 0.78 0.62 ± 0.56 0.40 ± 0.48 0.92 ± 0.59** 0.38 ± 0.66

BASFI (0–10) 4.02 ± 2.16 5.45 ± 1.70 1.50 ± 1.21 1.07 ± 1.41 1.89 ± 1.39 1.33 ± 1.55

BASMI (0–10) 2.56 ± 1.34 3.36 ± 1.77 1.00 ± 0.73* 0.44 ± 0.58 1.07 ± 0.78 0.68 ± 0.69

ASQoL (0–18) 9.81 ± 4.99 11.96 ± 4.49 3.29 ± 3.09 1.60 ± 2.36 4.03 ± 3.26* 2.20 ± 3.43

Chest expansion (cm) 4.61 ± 1.61 3.53 ± 1.78 −0.69 ± 0.76 −0.67 ± 0.94 −0.96 ± 0.75 −0.94 ± 1.43

Tragus-to-wall distance (cm) 14.06 ± 2.66 16.08 ± 5.99 1.46 ± 1.69** 0.58 ± 1.26 1.49 ± 1.94 0.65 ± 1.04

Cervical rotation (degree) 61.61 ± 11.10 57.68 ± 16.81 −7.22 ± 6.18 −5.08 ± 16.76 −11.61 ± 8.90 −7.76 ± 10.78

Lumbar side flexion (cm) 12.87 ± 4.10 11.89 ± 5.04 −1.31 ± 1.45 −0.73 ± 1.29 −2.13 ± 2.54** −0.37 ± 1.56

Modified Schober test (cm) 3.84 ± 1.19 3.18 ± 1.54 −0.38 ± 0.56 −0.20 ± 0.54 −0.50 ± 0.57** −0.17 ± 0.41

Intermalleolar distance (cm) 104.46 ± 13.96 101.68 ± 15.71 −4.92 ± 5.96 −7.16 ± 9.88 −7.75 ± 8.64 −9.94 ± 13.12

CRP level (mg/dl) 0.63 ± 0.45 1.10 ± 0.90 0.00 ± 0.39 −0.11 ± 1.12 −0.04 ± 0.69 −0.29 ± 1.20

ESR level 19.37 ± 11.28 22.44 ± 12.71 0.03 ± 6.56 1.76 ± 6.07 1.62 ± 8.14 0.16 ± 4.87
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Therapeutic US can be used as a safe and effective phys-
ical treatment modality in the management of patients with 
AS. US itself is a low-cost treatment method. However, 
duration of treatment, which is 10 days, may impose an 
indirect cost, due to loss of productivity and transport costs, 
etc. Further long-term studies are needed to evaluate cost-
effectiveness of adding US treatment to exercise therapy. 
Also long-term observation with larger samples is required 
to investigate the long-term efficacy.
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