p ZoEZIZSHE|X| M26H 2=, 201944 8¢ ISSN 1975-9398 (Print) | ISSN 2288-789x (Online)
J Muscle Jt Health Vol. 26 No. 2, 141-154, August, 2019 https://doi.org/10.5953/JMJH.2019.26.2.141

2N MY #xt0] HIS0| 0jXls
SEEI0| h3t HEHEA

Dgolrjetm thotel 738t WAtk PEolstE B B4, OFolystmy e 73

A Meta-analysis for the Effects of Exercise on Pulmonary Function in
Patients with Ankylosing Spondylitis

Kim, Eun-Jeong” - Lee, Eun-Nam® - Yu, Eun-Jeong”

YDoctoral Student, College of Nursing, Dong-A University, Busan
PProfessor, College of Nursing, Dong-A University, Busan
)Nurse, Dong-A University Hospital, Busan, Korea

Purpose: This study aimed to analyze the effects of exercise on pulmonary function in patients with ankylosing spondylitis
(AS). Methods: Randomized controlled trials (RCTs) were identified by searching MEDLINE, EMBASE, CENTRAL, and
CINAHL (through Jan 2019). Three reviewers independently retrieved articles, extracted data, and assessed method-
ological quality using the Cochrane’s Risk of Bias for randomized studies. Results: Fourteen studies met the inclusion
criteria with a total of 729 participants. CE (SMD 0.58, 95% CI 0.41~0.75, p<.001) and VOzpeak (SMD 0.56, 95% CI
0.24~0.88, p=.001) had a significant effect on the most exercise interventions. As a secondary variable, BASFI (SMD
-0.53, 95% CI -0.70~-0.37, p<.001), BASMI (SMD -0.75, 95% CI -0.92~-0.58, p<.001) showed an effect size of more
than medium. However, PFT and QoL did not produce a significant results. Conclusion: Pulmonary involvement is
common in patients with AS and might have disturbed functionality and exercise modality. Exercise can be an effective
intervention to improve pulmonary function in patients with AS. More attention is needed to improve the chest and spinal
mobility to maintain the appropriate pulmonary function. It is also necessary to consider how to construct a patient-tailored
exercise program to increase performance, accuracy and safety of exercise.

Key Words: Ankylosing spondylitis; Exercise; Meta-analysis
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CENTRAL (Cochrane Central Register of Controlled Trials),
CINAHL (Cumulative Index to Nursing and Allied Health

Literature)= -85}t

2) 449

HA o} = Medical Subject Headings (MeSH)oj| 4] A|¢13t &
015 7|22 7} Hlo|ejH| o] o] gharo] £245to] AR
33t AR K (participants)+&= (‘Spondylitis, Ankylosing’
[MeSH] OR ‘Ankylosing Spondylarthritis’ OR ‘Ankylosing
Spondylitis’ OR ‘Ankylosing Spondyloarthritis’ OR ‘Axial’
OR ‘Axial Spondyloarthritis’) & A3} 11, 54 (Exercise
programs)= THFet FEQ] 255 BF ZHE ¢ IS
(‘Exercise’ [MeSH] OR ‘Exercise Training’ OR ‘Exercise,
Physical’ OR ‘Physical Activity’ OR 'Exercise Therapy’ OR
‘Physical Fitness’ OR ‘Training’ [MeSH] OR ‘Rehabilita-
tion')& ARSIt Appendix 1). 12|31 Fol2 LEH A
T2 A

B8 o) HEY ©]3-& I T 159 Risk of bias E7-(Rob
= A&5HITE RoB == RCTO) gt vEH Y183
Zhao 2 A2 AL AT G elwrt walo] 2 e
£ 7HAA Qlot. ZF Z3ell diste] £ 9 2ol ofwet &
o] =Rl whet vlER ¥ o] Wa(low risk of bias), #+
(high risk of bias), B2 (unclear)2 H7}3tc} RoB =7+&
Bahe] W] A4, W e, Folxie A7ae]
Vg, 2 WY S, 2R EE AR e, Aed 2
o} 23, SRS ks the K N5 Y 9192 771
¥ A= B7el=E T4 = o] Ak (Kim et al., 2011).
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MEDLINE (n=132)
CENTRAL (n=101)

EMBASE (n=118)
CINAHL (n=2)

Records identified through database searching (n=353)

A4

Records after duplicates removed
(n=330)

Records excluded articles not relate to exercise

4

v

Full-text articles assessed for eligibility
(n=51)

program (n=279)

Full-text articles excluded, with reason (n=37)
Non RCT (n=1)
Not in English (n=4)

A

Studies included (n=14)

4

No original article (n=7)
No relevant intervention (n=22)
No relevant outcome data (n=3)

Figure 1. Flow diagram of the study selection process.
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E5o] Q= b2, Mde-F(Calisthenic), AFWELF,
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Random sequence generation (selection bias)
Allocation concealment {selection bias)
Blirding of participants and personnel (performance bias)
Blinding of outcome assessment {datection bias)
Incompieie outcome data (atirition bias)
Selective reporting {reposting bias)
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Bl Low risk of bias
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Figure 2-A. The overall risk bias of included studies.
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Figure 2-B. Each risk of bias item for RCT included.

Figure 2. Assessment risk of bias in included studies.

CEES B7Ist3ith. oA 2 2= thidAte] 7154 Aot 25
9] $54& HojFE Bath Ankylosing Spondylitis Func-
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T2 400 Aof| mjAl= a3 B4skh $2848 1S 23l
A o]d ol gl& Aol 1HEHR P o2 afAT|EAE
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1) @34}

#7]5 A A 2391 FVC 9 FEVIZ AJAJg =82 % 39
(A4; A6; A7)0 2, T ATt A = 1037 o] lch(Figure 3).
FVCE AAS =22 T2 A4 o|dgo] Foh Yoz
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Table 1. Characteristics of Included Studies
Participant Intervention (exercise) Outcomes
Stud; i
No v Exp. Cont. Age Du1jat10n of Freque.:ncy (Wk)/ Evaluation
(year) = @ | e disease Type Duration (min)/ wk) Ist 2nd
Y (year) Session (wk)
1 Altanetal. 30 25 45.1 8.8 Pilates 3/60/12 0/12/24 CE BASFI
(2012) BASMI
QoL
2 Aydinetal. 19 18 34.7 7.1 Calisthenic ex 3/60~80/8 0/8 CE BASFI
(2016) Relaxation BASMI
QoL
3 deSouzaetal. 27 28 444 8.8 Swiss ball 2/50/16 0/4/8/12/16 BASFI
(2017) BASMI
4 Dragoi et al. 23 24 48.6 15.5 Conventional ex 5/40~70/8 0/8 FVC
(2016) Inspiratory muscle FEV1
training VO,peak
CE
5 Dundar etal. 35 34 427 13.7 Aquatic ex 5/75/4 0/4/12 CE BASFI
(2014) Poolside ex BASMI
(AROM, stretching)
6 Hsiehetal. 9 10 39.2 11.1 ROM 5/40~50/12 0/12 FvVC BASFI
(2014) Strengthening FEV1
Aerobic VvC
VO;peak
CE
7 Jennings et al. 35 35 41.6 16.0 Walking 3/80/12 0/6/12/24 FVC BASFI
(2015) Stretching FEV1 BASMI
VO,peak
CE
8  Karapolat 13 12 485 20.6 Conventional ex 6/30~60/6 0/6 CE BASFI
(2009) Swimming BASMI
9 Niedermann 53 53 489 9.0 Nordic flexibility 2/30~60/12 0/12 BASFI
(2013) BASMI
QoL
10  Rosuetal. 48 48 25.1 5.8 Pilate 3/50/48 0/48 vC BASFI
(2014) Heckscher training CE BASMI
McKenzie training
11 Rosu & Ancuta 26 24 241 5.7 McKenzie training 3/50/12 0/12/24 CE BASFI
(2015) BASMI
12 Sveaas 10 14 48.5 19.2 Cardiorespiratory 3/40~60/12 0/12 VO;peak BASFI
(2014) Muscular fitness BASMI
13  Sveaas 13 15 48.5 19.2 Treadmill 2/60/12 0/12 BASFI
(2018) Strength ex
Cardiorespiratory ex
14 Widberg 16 16 35.8 2.5 Active angular 2/60/8 0/8/16 vC BASFI
(2009) passive mobility CE BASMI

Stretching

ex=Exercise; Exp.=Experimental group; Cont.=Control group; AROM=Active range of motion; PFT=Pulmonary function test; FVC=Forced vital
capacity; FEV1=Forced expiratory volume in 1 second; VC=Vital Capacity; VO,peak=Peak oxygen consumption; CE=Chest expansion;

BASFI=Bath Ankylosing Spondylitis Functional Index; BASMI=Bath Ankylosing Spondylitis Metrology Index; QoL=Quality of life.
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Figure 3-1. Study name Outcome Statistics for each study Std diff in means and 95% CI
. Std diff Standard Lower Upper
PFT:FVC in means error Variance limit limit Z-Valuep-Value
Dragai 2016 AC 1080 0312 008 0468 160 34% 0001 ‘ ‘ i
Hsieh2014 AC -0200 0461 0212 -1103 0708 -0434 0634 ‘ | ‘
Kergpdat 2000 FVC oou 0408 0167 -0757 084 0107 0915
0357 042 0178 -0471 1185 0846 038 ‘
-1.00 -0.50 0.00 0.50 1.00
Figure 3-2. Mode! Studyname  Outcome Statistics for each study Std diff in means and 95% CI
PFT: FEV1 Std diff Standard Lower Upper
inmeans emor Variance limit limit Z-Value p-Value
Dragoi 2016 FEV1 0189 022 0086 -0384 0762 0646 0518 ‘ i i
Hsieh2014  FEV1 0000 045 0211 -0901 0801 0000 1.000 ‘ ‘
Karapalat 2009 FEV1 0073 0408 0167 -0727 0874 0180 0857 ‘
Fired 0118 0211 005 -0X6 052 059 0576 ‘ b‘»
-1.00 -0.50 000 050 1.00
Figure 3-3. Study name Outcome Statistics for each study Std diff in means and 95% Cl
PFT: VC Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
Hsieh 2014 VC -0.100 0.460 0.211 -1.001 0.801 -0.218 0.828 l ‘ i ‘
Rosu2014 \VC 0.810 0.212 0.045 0.3%4 1226 3.815 0.000 ‘ ‘ |
Widberg 2009 VC 0.09%4 0.354 0.125 -0.599 0.788 0.267 0.790
0358 0307 0094 0243 0960 1.168 0.243 ‘ b
-1.00 -0.50 0.00 0.50 1.00
Figure 3-4. Study name Outcome Statistics for each study Std diff in means and 95% CI
VOqpeak Std diff Standard Lower Upper
in means error Variance limit limit Z-Valuep-Value
Dragai 2016 V2 peek 0488 02% 00838 -008 10688 1647 0100 i
Hsieh2014 VO2pesk 1106 043 0243 0138 202 2241 005 i
Jemings 2015 VO2pesk 03% 0241 008 -0116 089 1480 01 ‘ ‘
Sweaes 2014 V2 pesk 0951 0436 010 00% 186 2180 00X
050 01 06 0241 087 346 0001 ‘ ‘
-1.00 -0.50 0.00 0.50 1.00
Figure 3-5. Study name Outcome Statistics for each study Std diff in means and 95% Cl
CE Std diff Standard Lower Upper
in means error Variance limit limit Z-Valuep-Value
Atan2012 CE 0000 0271 0073 -0531 0831 000 1000 ‘
Adn2016 CE 033 0331 0110 -03%6 0972 0975 030
deSowza017 CE 0119 0270 0073 -0410 0649 0442 0658
Dragad 2016 CE 0753 032 0091 0161 1345 249 0013
Dunder 2014 CE 0425 0244 000 -0082 09 1746 0081 ‘
Hsieh 2014 CE 0408 0464 0215 -0506 1313 080 0386
Jemings 2015 CE 0119 023 0057 -0350 058 0497 0619 ‘
Kargda 2000 CE 0561 0416 0173 -0256 1377 1348 0178 ‘
Rosu2014 CE 2172 0257 0066 1688 266 843 0000 ‘
Rosu2015 CE o717 022 0086 014 1280 2454 0014 ‘
Wcberg 200 CE 0645 033 012 -006 136 1780 0075
059 009 00B 0406 075 6514 000 o ‘
-1.00 -0.50 0.00 0.50 1.00

PFT=Pulmonary function test, FVC=Forced vital capacity, FEV1=Forced expiratory volume in 1 second, VC=Vital capacity, VO2peak=Peak oxygen consumption,
CE=Chest expansion, Favours A=Control group, Favours B=experimental group.

Figure 3. Forest plots of the effects of exercise program; primary outcomes.
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oz BASIHI’=7148, p=.030). 447} &3} F7)=
0.36 (95% CL -0.47~1.19) 0.2 EA Ao =2 §o5}x] Y3t
(Z=0.85, p=.398). FEV1& A A3t =REL =519 o o(I’=
0, p=.934) &3} 27]7}0.12 (95% CI: -0.29~0.53) 2 EA| & ©.

FoEHA] FUTHZ=0.56, p=.576). VCE AT =FL- 3
ud% oJAgE BAN(=61.04, p=.077), % TR
1477 o] Qlt}. &3} 27]= 0.36 (95% CI: -0.24~0.96) 0.2 &
A=Y aRFA FAH o2 F-o5HA] = YekrHZ=1.17,
p=243). FZ9 FAES HoAFE CEE AR w22 &
10W(A1; A2; A4; A5; A6; A7; A8; A10; A11; Al4) 2.2 o]
o] EoKI’=80.47, p<.001), YolmE oz BA% AT}, &
3} 27]= 0.58 (95% CI: 0.41~0.75)2 F7+ A =0 &a1p7t b
o EAHoRE $95t9thZ=6.51, p<.001). 3+H
VOspeakE A A8t =2 4 (A4; A6; A7, A12) .2 o]ZA]
& Ho|7] ggtom(’=0, p=.424), &1} 27]=0.56 (95% CI:
0.24~0.88) 0.2 27t A=9] iy} Uehton B4R
5-0]3} 9 tHZ=3.45, p=.001).

2) ojx-d i}

FA A S 7154 AHE H 5= BASFI 2%
2 A NS =E-L 133 (A1; A2; A3; A5; A6; A7; A8; A9; A10;
All; A12; Al3; Al4) 0.2, o]FAJo] Lhe 7 o 2 YeptehI’=
21.20, p=.239). &3} I7|=-0.53 (95% CI: -0.70~-0.37) 0.2
A=Y avE By FAFLE {osHTHZ=-6.60,
p<.001). 3 L FAE HoF=BASMIE S =22 F
11H(A1; A2; A3; A5; A7; A8; A9; A10; A11; A12; Al4) o2
o]dAo] FOHI"=90.28, p <.001), YO|RF o2 BATE A,
A7} 37)%-0.75 (95% CI: -0.92~-0.58) & %7}t || a7tE
HYW, BAFo 2w Qolarh(Z=-8.53, p <.001). $+H 7}
2y A3 A 410 S BAS =72 & 3W(AL A2
A9) 0.2 o] AAo] FoKI’=7413, p=.021) YoEFP oz B4
A7, B3} 37]= 029 (95% CL: -1.06~0.47) 2 EAH o2
F-2J31A] Y¥THZ=-0.75, p=.456)(Figure 4).
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9] Agto] A7) A Hrh(Donath & Miller, 2009; Fisher, Caw-
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cer et al., 2007; Durmus et al., 2008; Ozdemyr, Inanici, &
Hascelik, 2011). o]o]] 2 A7 AL 7R A =4 3x}ofA|
283 57 5 250|750 A= BRE Brksp] St
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W3 22 154 9 A 7154 AT & ok @
(Kanathur & Lee-Chiong, 2010)3} Zr-2 @2k 2 7324
29 B0l SEFAVE FRTFE BolETh T PFTE 5
2 9 7] &4 Fol M= AgHa F-¥ (restrictive type)S &
HojFL HAFZ (Seckin et al,, 2000), 4R HEY A &
e AL BolE= 3R = 41.7% A 0]7] &9 (Dincer
etal, 2007) PFT 2348 53] £-557) A2 3 45H= o 4
FHY 4 9l o2 Tefate] o7l5L Anie 4
& chopelA 441 BR1) 5871

A eFUATE 0=
AA o ZFHA)Z F 27} lth(Karapolat et al., 2008; Millner
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et al., 2016).
Z7ke] A0 48T £ TR IY TS RE HA
BT g1, 28, 44 $F 58 A7E A0 Hat o

et o2 BkEol Y A o
oh H el Fe AT E S B, £ER S Y
HETL 58 0]2 oM E A& H O ot Y S 5
W 502 22190 Ao) B o] = ot aiA w22}
85 T2 e i Ao, BT LB RTRE ok
FH2 EdE Z2aHE k= Ao Hoh o At Fot
= X3 A+ AT (Hsieh et al., 2014; Karapolat et al., 2008;
Rosu, Topa, Chirieac, & Ancuta, 2014)E WGt A o2 =
3H’5“]51‘4 YHE FH Y 5T Z2IHS 27171 olF T
AL o2/ glol Ao AFATE A=A JAI AR 0]
‘J}% T Uee HojF= Aipo|BE FF AEA TS
3| 2Z3HE S ZREZ O do] 2ad Aol
HetZ A Aol A tiAl = axa77E AU &5 =
2IHL 7R A=Y fHtaeFolu YT dE =
Z7](Jennings, Oliveira, De Souza, Cruz, & Natour, 2015)
U g A (Altan, Korkmaz, Dizdar, & Yurtkuran, 2012)

okn mEr



Btxtol H7|sol ojxl= 2

S0 thet HEtEA

Figure 4-1. Study name Outcome Statistics for each study Std diff in means and 95% CI
BASFI Std diff Standard Lower Upper
in means error Variance limit limit Z-Valuep-Value
Atan2012 BASFI -0633 0zr7 0077 1177 -0089 -2281 0023 i
Adn2016 BASFI -0480 0334 0111 -113% 0174 -1438 01590
deSouza 2017 BASFI -0447 0273 0075 -0982 0088 -1637 012
Dunder 2014 BASFI -0179 o241 0088 -0682 029 -0743 0457
Hsieh 2014 BASFI -064 0472 022 -15/8 020 -1387 0166
Jemings 2015 BASFI -0009 0239 0067 -0477 0460 -0037 0971
Kargpdat 2000 BASFI -0521 0415 0172 -13% 028 -1254 0210
Niedermem 2013 BASFI -0634 0207 0043 -1040 -028 -3062 00R
Rosu2014 BASFI -1034 0217 0047 -1460 -0608 -4758 0000
Rosu2015 BASFI -0774 028 0086 -1349 -019 -2638 0008
Sweaas 014 BASFI -0763 0428 0184 -1608 0077 -1781 0075
Swezes 2018 BASFI -0623 0424 0180 -1453 028 -1460 0142
Wicberg 2009 BASFI -0145 034 015 -08%9 0549 -0410 068
059 0060 0006 -06% 0371 -651 000 <@
-1.00 -0.50 0.00 0.50 1.00
Figure 4-2. Model Studyname  Outcome Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
BASMI inmeans eror Variance limit limit Z-Value p-Value
Altan 2012 BASMI -0268 0272 0074 -0801 0265 -0984 0325
Aydin 2016 BASMI -0.962 0347 0121 -1643 -0281 -2768 0006
deSowza2017  BASMI -0.207 0270 0073 -0737 0323 -0766 0444
Dunder 2014 BASMI 0.124 0.241 0058 -0597 0348 -0516 0606
Jennings 2015 BASMI -0.089 0239 0057 -0508 0429 -0.164 0870
Karapolat 2009  BASMI -0.239 0410 0168 -1042 0564 -058 0580
Niedermann 2013 BASMI 1.286 0222 0049 -1721 -0851 -5793  0.000
Rosu2014 BASMI 3371 0318 0101 -3993 -2748 -10614 0000
Rosu2015 BASMI 1175 0306 0094 -1775 -0574 -3833 0000
Sweaas 2014 BASMI 0.116 0414 0172 -0928 06% -0280 0779
Widberg 2000 BASMI 0813 038 0135 -153% -00@ -2200 007
0748 0088 0008 -0920 -0576 -8534 0000 -
-1.00 -0.50 0.00 050 1.00
Figure 4-3. Study name Outcome Statistics for each study Std diff in means and 95% CI
QoL Std diff Standard Lower Upper
inmeans error Variance limit limit Z-Valuep-Value
Altan 2012 ASQOL 0.231 0.272 0.074 -0.301 0.764 0.851 0.39% ‘ } i
Aydin2016  ASQOL -0.084 0329 0108 -0.729 0.561 -0.256 0.798 ‘
Sveaas 2018 QOL(GHQ) -1.228 0.450 0.203 -2111 -0.345 -2726 0.006
-0.291 0.390 0.152 -1.055 0.474 -0.745 0.456
1.00 -0.50 0.00 0.50 1.00

BASFI=Bath Ankylosing Spondylitis Functional Index; BASMI=Bath Ankylosing Spondylitis Metrology Index; QoL=Quality of life; ASQoL=Ankylosing spondylitis

quality of life; GHQ=General health questionnaire; Favours A=Control group; Favours B=experimental group.

Figure 4. Forest plots of the effects of exercise program; secondary outcomes.
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Appendix 1. Database Search Strategies

A. MEDLINE

Search query Results Time

(("Spondylitis, Ankylosing" [Title/ Abstract] OR "Ankylosing Spondylarthritis" [Title/ Abstract] OR

"Ankylosing Spondyloarthritis" [Title/ Abstract] OR "axial" [Title/ Abstract] OR "axial

spondyloarthritis" [Title/ Abstract])) AND (Exercise [Title/ Abstract] OR "Exercise

Therapy" [Title/ Abstract] OR "Exercise Training" [Title/ Abstract] OR "Physical Activity" 132 2019.01.08
[Title/ Abstract] OR "Physical Fitness" [Title/ Abstract] OR Training [Title/ Abstract] OR

"Rehabilitation" [Title/ Abstract])

Filters: Clinical Trial; Full text; Humans; English

B. EMBASE

Search query Results Time

('Spondylitis, Ankylosing' OR 'Ankylosing Spondylarthritis' OR 'Ankylosing Spondylitis' OR

'Ankylosing Spondyloarthritis' OR 'Axial' OR 'Axial Spondyloarthritis') in Title Abstract Keyword

AND (‘Exercise' OR 'Exercise Training' OR 'Exercise, Physical' OR 'Physical Activity' OR 'Exercise 118 2019.01.09
Therapy' OR 'Physical Fitness' OR 'Training' OR 'Rehabilitation') in Title Abstract Keyword AND

‘randomized trial' in Abstract

C. CENTRAL

Search query Results Time
(TITLE-ABS-KEY ("ankylosing spondylitis" OR "axial") AND TITLE-ABS-KEY ("exercise" OR

"physical activity" OR "rehabilitation" OR "training") AND TITLE-ABS-KEY ('randomized")) 101 2019.01.22

AND DOCTYPE (ar)

D. CINAHL

Search query Results Time

AB (('Spondylitis, Ankylosing' OR 'Ankylosing Spondylarthritis' OR 'Ankylosing Spondylitis' OR

'Ankylosing Spondyloarthritis' OR 'Axial' OR 'Axial Spondyloarthritis')) AND AB (‘Exercise' OR

'Exercise Training' OR 'Exercise, Physical' OR 'Physical Activity' OR 'Exercise Therapy' OR 2 2019.01.18
"Physical Fitness' OR 'Training' OR 'Rehabilitation'))

Filters: Full text; Humans; English; Randomized controlled trial
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Appendix 2. List of Studies included in a Systematic Review

Ju—y

. Altan, L., Korkmaz, N., Dizdar, M., & Yurtkuran, M. (2012). Ef-
fect of pilates training on people with ankylosing spondylitis.
Rheumatology International, 32(7), 2093-2099.
https:// doi.org/10.1007 /s00296-011-1932-9
2. Aydin, T., Tagpinar, 0, Sariyildiz, M. A., Giineser, M., Keskin,
Y., Canbaz, N, et al. (2016). Evaluation of the effectiveness of
home based or hospital based calisthenic exercises in patients
with ankylosing spondylitis. Journal of Back and Musculoskeletal
Rehabilitation, 29(4), 723-730.
https://doi.org/10.3233 / BMR-160677

3. de Souza, M. C,, Jennings, F., Morimoto, H., & Natour, J. (2017).
Swiss ball exercises improve muscle strength and walking per-
formance in ankylosing spondylitis: A randomized controlled
trial. Revista Brasileira De Reumatologia, 57(1), 45-55.
https://doi.org/10.1016/j.rbre.2016.09.009
4. Dragoi, R., Amaricaj, E., Dragoi, M., Popoviciu, H., & Avram,
C. (2016). Inspiratory muscle training improves aerobic ca-
pacity and pulmonary function in patients with ankylosing
spondylitis: A randomized controlled study. Clinical Rehabili-
tation, 30(4), 340-346.
https://doi.org/10.1177/0269215515578292
5. Dundar, U., Solak, O., Toktas, H., Demirdal, U. S., Subasi, V.,
Kavuncu, V., et al. (2014). Effect of aquatic exercise on ankylos-
ing spondylitis: A randomized controlled trial. Rheumatology
International, 34(11), 1505-1511.
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6. Hsieh, L., Chuang, C., Tseng, C., Wei, J. C., Hsu, W., & Lin, Y.
(2014). Combined home exercise is more effective than range-
of-motion home exercise in patients with ankylosing spondyli-
tis: A randomized controlled trial. BioMed Research International,
2014, 1-9. https:// doi.org/10.1155/2014/398190

7. Jennings, F., Oliveira, H. A., De Souza, M. C,, Cruz, V.D.G,, &
Natour, J. (2015). Effects of aerobic training in patients with
ankylosing spondylitis. Journal of Rheumatology, 42(12), 2347-
2353. https:// doi.org/10.3899/jrheum.150518

8. Karapolat, H., Eyigor, S., Zoghi, M., Akkoc, Y., Kirazli, Y., &
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