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Effect of short-term P�lates exerc�ses on bone m�neral dens�ty and phys�cal performance �n
older women
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ABSTRACT

Object�ve: Although high-stress exercises on the bone have been emphasized in previous research on BMD, high intensity exercises may increase the
risk of injury in inexperienced older women. Also, these exercises are not recommended due to risk of injury or other problems in fragile older adults.
Due to the fact that it is one of the most preferred methods by postmenopausal women, our study focused on the effects of the Pilates method on
bone mineral density. The aim of this study was to determine the effect of short-term Pilates exercise on bone mineral density and physical perfor‐
mance in older women.
Methods: Twenty-three older women were voluntarily involved in this research (Pilates group, n=13, and control group, n=10). The Pilates group parti‐
cipated in Pilates exercise for 12 weeks, two days per week. Bone mineral density and physical performance were evaluated. The prospective case-
control, pre- and post-test study was conducted at the Çanakkale University Hospital. All measurements were repeated following three-months. The
Mann-Whitney U test was used to compare groups, and the Wilcoxon test was used to assess differences between pre- and post-exercise measure‐
ments for each group.
Results: After three-months, there was an increase in physical performance scores in the Pilates group (p=0.013). Although there was an improve‐
ment in bone mineral density of older women in the Pilates group, it was not statistically significant (p>0.05).
Conclus�on: It is possible to say that "short-term Pilates exercise does not produce a resistance training effect on bone mineral density of postmeno‐
pausal women". However, Pilates is effective for improving physical performance in older women.

Keywords: Pilates, bone mineral density, physical performance, DEXA, aging

ÖZ

Amaç: BMD ile ilgili önceki araştırmalarda kemik üzerinde yüksek stresli egzersizlerin etkisi vurgulanmış olsa da, yüksek yoğunluklu egzersizler dene‐
yimsiz yaşlı kadınlarda yaralanma riskini arttırabilir. Ayrıca bu yöntem kırılgan yaşlı yetişkinlerde farklı sorunlar nedeniyle de önerilmemektedir. Menopoz
sonrası dönemdeki kadınların en çok yeğlediği yöntemlerden biri olması nedeniyle bu çalışmada Pilates yönteminin kemik mineral yoğunluğu üzerindeki
etkileri üzerinde duruldu. Bu çalışmanın amacı, yaşlı kadınlarda kısa süreli Pilates egzersizinin kemik mineral yoğunluğu ve fiziksel performans üzerine
olası olumlu etkilerini belirlemektir.
Gereç ve Yöntem: Çalışmaya 23 yaşlı kadın katıldı (Pilates grubu, n=13 ve kontrol grubu, n=10). Pilates grubu, 12 hafta boyunca haftada iki gün Pilates
egzersizlerine katıldı. Kemik mineral yoğunluğu ve fiziksel performans değerlendirildi. Prospektif olgu kontrollü ön test ve son test çalışması, Çanakkale
Üniversitesi Hastanesinde gerçekleştirildi. Tüm ölçümler üç ay sonra tekrarlandı. Gruplar arası karşılaştırmalarda Mann-Whitney U testi, her grup için
egzersiz öncesi ve sonrası ölçümler arasındaki farkları belirlemede Wilcoxon testi kullanıldı.
Bulgular: Üç ay sonra Pilates grubunda fiziksel performans skorunda artış oldu (p=0.013). Pilates grubundaki yaşlı kadınlarda kemik mineral yoğunlu‐
ğunda artış vardı ama istatistiksel olarak anlamlı değildi (p>0.05).
Sonuç: Kısa süreli Pilates egzersizlerinin postmenopozal kadınların kemik mineral yoğunluğu üzerinde bir direnç antrenmanı etkisi yaratmadığını söyle‐
mek mümkündür. Bununla birlikte, Pilates yaşlı kadınlarda fiziksel performansı arttırmak için etkilidir.
Anahtar Sözcükler: Pilates, kemik mineral yoğunluğu, fiziksel performans, DEXA, yaşlanma

INTRODUCTION
Bone m�neral dens�ty (BMD) �s one of the �mportant para-
meters for da�ly l�v�ng act�v�t�es and qual�ty of l�fe �n older
women. Deter�orat�ons �n BMD may cause an �ncreased r�sk
of fall�ng and reduced parameters of phys�cal performance

(1,2). H�p, vertebral and non-vertebral fractures �nclude se-
vere compl�cat�ons l�ke chron�c pa�n, d�sab�l�ty, low qual�ty
of l�fe and early mortal�ty (3). Moreover, the estrogen�c res-
ponse to mechan�cal load�ng decreases w�th age (4). Dur�ng
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the postmenopausal per�od, decreased estrogen levels may
cause some harmful changes for health (5).

Regular exerc�se �s cons�dered as an �mportant strategy to
prevent and treat age-l�nked bone weakness (6). Prev�ous
stud�es have shown that �t �s poss�ble to �mprove phys�cal
f�tness, BMD and body compos�t�on, to �mprove balance
and to reduce r�sk of fall�ng v�a phys�cal tra�n�ng programs
(7-12). Res�stance exerc�se �s cons�dered as a low cost and
safe treatment strategy for the protect�on of musculoskele-
tal health and fracture prevent�on; therefore, numerous
stud�es have focused on the e�ects of exerc�se on BMD �n
post-menopausal women (13). It �s known that h�gh-�nten-
s�ty res�stance exerc�ses are more e�ect�ve �n ma�nta�n�ng
or �ncreas�ng BMD, espec�ally �n the postmenopausal per�-
od (14).Desp�te the advantages of res�stance exerc�se on
BMD, strength or res�stance exerc�se may not always be pre-
ferred by older adults due to �ts d���culty. In add�t�on, fear
of �njury and pa�n caused by strength tra�n�ng has been re-
ported as a barr�er �nvolv�ng �n exerc�se (15).

Contrary to res�stance exerc�se; P�lates, �nclud�ng balance,
�ex�b�l�ty, breath�ng, posture and res�stance exerc�ses, �s
becom�ng popular �n the rehab�l�tat�on process of the older
adults (16,17). However, there �s no clear data on whether
P�lates exerc�se has s�m�lar e�ects on BMD as a res�stance
exerc�se �n older women. One study determ�ned the e�ect of
the P�lates method on BMD �n older women w�th osteoporo-
s�s (18). It �s also known that P�lates �s mot�vat�ng and has
lower rates of w�thdrawal and �njury (19). Th�s m�ght be
cruc�al espec�ally for older �nd�v�duals (20). Although h�gh-
stress exerc�se e�ects on the bone have been emphas�zed �n
prev�ous research on BMD, h�gh �ntens�ty exerc�ses may
�ncrease the r�sk of �njury �n �nexper�enced older women.
Also, these exerc�ses are not recommended due to the other
problems �n frag�le older adults. Due to the fact that �t �s
one of the most preferred methods by postmenopausal wo-
men (21), our study focused on the poss�bly pos�t�ve e�ects
of the P�lates method on bone m�neral dens�ty.

In our study, to conf�rm th�s hypothes�s, BMD of postmeno-
pausal older women was measured w�th rad�ograph�c tech-
n�ques (DEXA) before exerc�se and a�er three months. The
pr�mary a�m of th�s study was to determ�ne the poss�bly po-
s�t�ve e�ects of short-term P�lates exerc�se on BMD of he-
althy older women. The second a�m was to �nvest�gate �ts
aga�n poss�bly favorable e�ects on BMI, fat %, FFM, wa�st
and h�p c�rcumference, and phys�cal performance.

 

 

 

MATERIAL and METHODS

Part�c�pants and procedure

The prospect�ve, case-control, random�zed controlled and
s�ngle-bl�nd study was conducted at the Çanakkale Onsek�z
Mart Un�vers�ty Health, Research and Pract�ce Hosp�tal �n
the March 2019- January 2020 per�od. The f�rst assessment
and evaluat�on was conducted pr�or to the P�lates program.
The second evaluat�on was performed follow�ng three
months. The P�lates group part�c�pated �n 50 m�n P�lates
exerc�ses throughout the 12 weeks.

Part�c�pants were recru�ted from the act�v�ty center for older
adults w�th an announcement. Th�rty women were ran-
domly separated �nto P�lates (n=15) and Control (n=15) gro-
ups. Part�c�pants were evaluated at the Un�vers�ty Hosp�tal-
Phys�cal Med�c�ne and Rehab�l�tat�on department by a phy-
s�c�an. Follow�ng cl�n�cal evaluat�on, part�c�pants that
were: 1) volunteers, 2) of commun�ty-dwell�ng status, 3) bet-
ween 65-80 years of age, 4) not under any therapy and exer-
c�se �ntervent�on, and 5) w�thout any phys�cal or mental �ll-
ness were �ncluded �n the study. Exclus�on cr�ter�a �nclu-
ded: 1) any health problems, 2) severe card�ac d�sease, 3)
uncontrolled hypertens�on, 4) unregulated d�abetes mell�-
tus, 5) severe shortness of breath, 6) neuromuscular d�se-
ases, 7) �n�ammatory rheumat�c d�seases, 8) phys�cal and
mental d�sab�l�ty, 9) to be unable to walk w�thout support,
10) us�ng drugs a�ect�ng the central nervous system, 11) re-
ce�v�ng osteoporos�s treatment �n the last year, 12) rece�v�ng
calc�um and v�tam�n D supplements, and 13) to have part�-
c�pated �n any tra�n�ng program �n the last s�x months.

Part�c�pants were �nformed regard�ng the exerc�ses and
tests. Researchers expla�ned about poss�ble muscular sore-
ness r�sks due to the P�lates exerc�se. Dur�ng the process,
some part�c�pants w�thdrew from the study due to mov�ng
to another c�ty, th�nk�ng they could not cont�nue regularly,
exper�enc�ng health problems not l�nked to exerc�se, not
want�ng to perform measurements aga�n, and unknown re-
asons. Therefore, the research was resumed w�th 23 older
women. The �ow d�agram of the research �s presented be-
low (F�gure 1). All part�c�pants were asked to s�gn an �nfor-
med consent form. The study was approved by the Çanak-
kale Onsek�z Mart Un�vers�ty Med�cal Faculty Cl�n�cal Rese-
arch Eth�cs Comm�ttee (Date: 13.03.2019, Number:
18920478-050.01.04-E.1900042414, Dec�s�on no: 2019-06).
The research was supported by the Çanakkale Onsek�z Mart
Un�vers�ty Sc�ent�f�c Research Projects Comm�ss�on (Project
ID: 2925). All procedures performed �n th�s study �nvolv�ng
human part�c�pants were �n accordance w�th the eth�cal
standards of the �nst�tut�onal and/or nat�onal research
comm�ttee and comply�ng w�th the 1964 Hels�nk� Declarat�-
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on and �ts later amendments or comparable eth�cal
standards.

F�gure 1.  Flow d�agram of the study process

Outcome measures

Bone m�neral dens�ty measurement: Bone m�neral dens�ty
was measured w�th dual energy x-ray absorpt�ometry
(DEXA) (Lunar, General Electr�c) at the prox�mal femur le-
vel on the nondom�nant s�de us�ng standard protocols.
DEXA measurements y�elded BMD, T and Z scores for L1-L4,
total h�p and femur neck. All scans were performed by the
same cl�n�cal techn�c�an us�ng standard procedures. Wo-
men la�d �at on the scann�ng bed, and were pos�t�oned �n
the center al�gned w�th the long ax�s of the scanner, w�th
arms and legs evenly separated to allow for accurate analy-
s�s. The DEXA scanner was cal�brated w�th�n 24 h pr�or to
every scan.

Phys�cal performance evaluat�on: The short phys�cal per-
formance battery (SPPB) was used to evaluate phys�cal per-
formance. The assessment was recorded s�de-by-s�de w�th
tandem and sem�-tandem stances, 4-m walk test, f�ve t�mes
s�t-stand test, and the durat�on to complete these tests. Po-
�nts were g�ven as follows: two-foot s�de-by-s�de stance <10s
0 po�nts, >10s 1 po�nt, sem�-tandem stance <10s 0 po�nts,
>10s 1 po�nt, and tandem stance durat�on <3s 0 po�nts, 3-
9.99s 1 po�nt and >10s 2 po�nts. For the 4-meter walk�ng
test, �nab�l�ty to walk 0 po�nts, >8.70s 1 po�nt, 6.21-8.70s 2
po�nts, 4.82-6.20s 3 po�nts and <4.82s 4 po�nts. For the f�ve
t�mes s�t-stand test, �nab�l�ty to perform the movement 0
po�nts and accord�ng to the durat�on ≤60 sec, po�nts were
g�ven between 1 to 4 (22).

Body compos�t�on evaluat�on: Body he�ght was measured
w�thout shoes w�th a stad�ometer (SECA, Germany). Body
we�ght was measured w�thout shoes and wear�ng l�ght clot-
hes only, us�ng a body compos�t�on analyzer. Wa�st and h�p
c�rcumferences were measured by a non-elast�c tape. Body
mass �ndex, fat rat�o, fat-free mass (FFM) were assessed by
b�oelectr�cal �mpedance analys�s (BIA) w�th a body compo-

s�t�on analyzer (TANITA, TBF-310 GS, Tokyo, Japan). Part�c�-
pants were asked to avo�d any exerc�se or phys�cal act�v�ty,
ca�e�ne consumpt�on or eat�ng for three hours pr�or to the
analyzes.

P�lates mat exerc�se �ntervent�on: The P�lates group perfor-
med 50 m�n of P�lates exerc�ses for 12 weeks (Table 1). Each
exerc�se class was performed two days per week. The elast�c
band was used for res�stance �n P�lates exerc�ses. Pr�or each
class, general health status of part�c�pants was evaluated
through heart rates and blood pressures. Dur�ng the f�rst
four weeks only mat exerc�ses were used, wh�le the last
e�ght weeks elast�c band work was added. Part�c�pants
were perm�tted to leave the exerc�se class a�er the�r blood
pressure and heart rate levels reached rest�ng levels. There
were no cases regard�ng any health problem l�nked to exer-
c�se. The control group were asked to cont�nue the�r da�ly
act�v�ty throughout the study.

Table 1. P�lates mat exerc�se protocole
Phases Durat�on Content Frequency
Warm-

up »5 m�n Breath�ng, and movements to �ncrease
shoulder and h�p jo�nt movement angles

Tw�ce/wkMat
P�lates 40 m�n

Mat P�lates phase (four weeks) 
Abdom�nal, back, sp�ne, arm, leg and h�p

movements l�ke the hundred, one leg
c�rcle, s�de k�ck, swan, sw�mm�ng, saw,
br�dge, sp�ne stretch, lower back, sp�ne

tw�st, s�de-leg stretch exerc�se. 
Mat P�lates and elast�c band phase (e�ght

weeks) 
S�m�lar exerc�ses as above w�th an elast�c

band.
Cool-
down »5 m�n Stretch�ng and heart rate check

Stat�st�cal Analys�s

Descr�pt�ve data were presented as mean, SD, conf�dence
�nterval and range. The ver�f�cat�on of data normal�ty was
performed through the Shap�ro-W�lk test; and the Levene
test was used to evaluate the equal�ty of var�ances. To ver�fy
d��erences between the groups w�th regard to basel�ne phy-
s�cal character�st�cs (age, we�ght, he�ght and BMI) and
BMD, body compos�t�on and phys�cal funct�on scores at the
pre-exerc�se, the Mann-Wh�tney U test was used. The W�l-
coxon test was used to compare w�th�n group d��erences.
The conf�dence �nterval perm�tted �n all tests was 95%
(p≤0.05). Data were analyzed w�th the SPSS 26.0 (SPSS
Corp., Ch�cago, IL, USA) program.

RESULTS
Table 2 presents the phys�cal character�st�cs and ages of ol-
der women �n the P�lates and control groups at the basel�-
ne. There was no s�gn�f�cant d��erence for the parameters
between the groups at the basel�ne (p> 0.05).
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Table 2. Basel�ne phys�cal data for the study groups
Group P�lates group(n=13) Control group (n=10)    

Parameter Mean Range Mean Range z p
Age (year) 70.2±3.8 65.0-77.0 71.5±4.5 68.0-80.0 -0.878 0.380

He�ght(cm) 152.8±5.1 145.0-161.0 140.8±9.2 157.0-163.0 -1.119 0.263
Body we�ght (kg) 71.1±10.2 54.5-89.4 72.2±10.4 54.9-88.3 -0.031 0.975

F�gures as mean ± SD

Table 3. Basel�ne test results for the study groups
  P�lates group (n=13) Control group(n=10)  

Basel�ne test Mean (95% CI) Range Mean(95% CI) Range p
BMI (kg.m-2) 30.6 (27.4-33.8) 21.3-36.8 29.6 (26.7-32.5) 24.5-37.7 0.975
Fat rat�o (%) 39.1 (35.9-42.7) 24.4-46.3 37.2 (31.7-42.6) 18.4-45.7 0.385

FFM (kg) 42.7 (40.9-44.6) 37.5-48.5 44.7 (42.8-46.6) 40.1-47.9 0.620
WC (cm) 87.0 (81.4-92.6) 69.0-98.0 93.6 (88.8-98.4) 85.0-102.0 0.128
HC (cm) 108.4 (103.0-113.7) 92.0-127.0 109.5 (102.6-116.4) 95.0-124.0 0.136

SPPB (scores)
Balance 3.54 (3.22-3.85) 3.00-4.00 3.80 (3.49-4.10) 3.00-4.00 0.202
4 m walk 3.77 (3.50-4.03) 3.00-4.00 3.10 (2.47-3.72) 2.00-4.00 0.077

S�t-to-stand 3.76 (3.50-4.03) 3.00-4.00 3.00 (2.10-3.89) 1.00-6.00 0.106
Total score 11.1 (10.6-11.5) 10.0-12.0 9.90 (8.49-11.3) 6.00-12.0 0.153

BMD (g.cm-2)
L1-L4 T score -0.63 (-1.38-0.12) -2.20-1.60 -1.05 (-1.87 to -0.22) -2.90 to -0.40 0.709
L1-L4 Z score 0.71 (0.06-1.34) -0.90-2.80 0.30 (-0.40-1.00) -1.50-2.00 0.351

L1-L4 BMD 1.07 (0.97-1.16) 0.87-1.34 1.02 (0.91-1.12) 0.78-1.19 0.804
Femur neck T sco. -1.11 (-1.49 to -0.71) -2.20-0.10 -1.35 (-1.93 to -0.76) -2.40-0.00 0.336
Femur neck Z sco. 0.39 (0.10-0.67) -0.30-1.20 0.19 (-0.42-0.80) -0.90-2.10 0.367
Femur neck BMD 0.83 (0.78-0.87) 0.70-0.95 0.80 (0.73-0.87) 0.68-1.02 0.352

Total T score -0.82 (-1.29-0.34) -2.70-0.00 -1.11 (-1.72 to -0.49) -2.10-0.80 0.172
Total Z score 0.30 (-0.06-0.66) -1.00-1.50 0.00 (-0.65-0.65) -1.40-2.00 0.113
Total BMD  0.90 (0.84-0.95) 0.68-1.00 0.86 (0.79-0.93) 0.75-1.23 0.172

F�gures as means (95% CI). CI: conf�dence �nterval; BMI: body mass �ndex, FFM: fat free mass, HC: h�p c�rcumference, WC: wa�st c�rcumference, BMD: bone m�neral
dens�ty, SPPB: short phys�cal performance battery

Table 4. F�nal test results for the study groups
  P�lates group (n=13) Control group (n=10)  

F�nal test Mean (95% CI) Range pPG Mean (95% CI) Range pCG p
BMI (kg.m-2) 30.3 (27.3-33.3) 21.4-36.3 0.09 29.7 (26.8-32.6) 24.5-37.5 0.66 0.76
Fat rat�o(%) 38.2 (34.7-41.7) 24.5-45.0 0.01 37.3 (31.8-42.9) 18.4-46.4 0.18 0.62

FFM (kg) 42.8(41.0-44.6) 37.4-48.5 0.01 44.6 (32.8-46.5) 40.1-47.9 0.66 0.19
WC (cm) 85.5 (80.3-80.6) 69.0-95.0 0.01 93.8 (88.9-98.7) 85.0-102.0 0.32 0.04
HC (cm) 106.8 (101.4-112.2) 92.0-123.0 0.03 109.4 (102.8-116.0) 96.0-123.0 0.56 0.58

SPPB (scores)
Balance 4.00 (4.00-4.00) 4.00-4.00 0.02 3.90 (3.67-4.12) 3.00-4.00 0.32 0.25
4 m walk 4.00 (4.00-4.00) 4.00-4.00 0.08 2.20 (1.09-3.30) 0.00-4.00 0.05 0.05

S�t-to-stand 3.77 (3.50-4.03) 3.00-4.00 1.00 2.50 (1.47-3.52) 0.00-4.00 0.03 0.02
Total score 11.8(11.5-12.0) 11.0-12.0 0.02 8.60 (6.74-10.4) 4.00-12.0 0.04 0.01

BMD (g.cm-2)
L1-L4 Tscore -0.57 (-1.36-0.22) -2.20-2.10 0.61 -1.08 (-1.85 to -0.30) -2.80-0.40 0.52 0.51
L1-L4 Zscore 0.80 (0.12-1.47) -1.10-2.60 0.29 -0.01 (-1.07-1.05) -3.40-2.00 0.62 0.14
L1-L4 BMD 1.12 (0.96-1.27) 0.87-1.79 0.27 1.08 (0.85-1.31) 0.80-1.93 0.77 0.54

Femur n. Tsco. -1.20 (-1.50 to -0.89) -2.00 to -0.10 0.31 -1.07 (-1.99 to -0.14) -2.40-1.80 0.55 0.69
Femur n. Zsco. 0.32 (0.02-0.62) -0.30-1.20 0.30 0.12 (-0.49-0.73) -0.90-2.00 0.17 0.37
Femur n. BMD 0.82 (0.78-0.85) 0.72-0.95 0.28 0.79 (-8.56-25.0) 0.68-1.01 0.16 0.29
Total Tscore -1.02 (-1.64 to -0.38) -3.30 to -0.10 0.84 -0.68 (-1.67-0.31) -2.20-1.90 0.68 0.88
Total Zscore 0.31 (-0.08-0.69) -1.20-1.30 0.79 0.52 (-0.36-1.40) -0.90-2.60 0.93 0.69
Total BMD 0.91 (0.84-0.96) 0.66-0.99 0.89 0.90 (0.80-1.04) 0.75-1.23 0.65 0.54

F�gures as means (95% CI). CI: conf�dence �nterval; BMI: body mass �ndex; FFM: fat free mass; HC: h�p c�rcumference; WC: wa�st c�rcumference; BMD: bone m�neral
dens�ty; SPPB: short phys�cal performance battery. pPG: d��erence w�th�n P�lates group; pCG: d��erence w�th�n control group; p: d��erence between groups after
the exerc�se per�od.

At the basel�ne, there was no s�gn�f�cant d��erence between
the groups for BMI, fat rat�o, FFM, wa�st c�rcumference, h�p
c�rcumference, balance, 4 m walk test score, s�t to stand

test score, L1-L4 T score, L1-L4 Z score, L1-L4 BMD, femur
neck T score, femur neck Z score, femur neck BMD, total T
score, total Z score, and total BMD (p>0.05) (Table 3).

Table 4 d�splays the compar�son for all tests between the
P�lates group (PG) and the control group (CG). The PG gro-
up demonstrated s�gn�f�cant �mprovement (p<0.05) for the
wa�st c�rcumference, and 4m walk, s�t to stand and total

phys�cal performances. However, there was no s�gn�f�cant
change �n BMD �n the P�lates group. P�lates d�d not s�gn�f�-
cantly �mprove BMD �n older women when compared w�th
the control group (p>0.05).

The P�lates group �mproved s�gn�f�cantly �n terms of fat ra-
t�o (p=0.005), FFM (p=0.008), WC (p=0.007), HC (p=0.028),
balance (p=0.014) and �n the SPPB total score (p=0.013,
p<0.05). In the control group, there were s�gn�f�cant decre-

ases �n 4m walk test performance (p=0.041), s�t to stand
test score (p=0.025), and total phys�cal performance score
(p=0.039, p<0.05).
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DISCUSSION
As a ma�n f�nd�ng, the �mprovement �n BMI and BMD was
not stat�st�cally s�gn�f�cant. However, fat rat�o, fat-free
mass, wa�st and h�p c�rcumference, balance and total phy-
s�cal performance �mproved s�gn�f�cantly �n the P�lates gro-
up when compared w�th basel�ne. Walk�ng test performan-
ce, s�t-stand test score and total phys�cal performance score
decl�ned �n the CG.

If the bone �s under su��c�ent mechan�cal stress, remode-
l�ng �s promoted (23). However, d��erent results may be ob-
ta�ned �n older adults due to �nd�v�dual d��erences �n bone
remodel�ng. P�lates exerc�se d�d not change T-, Z- and BMD-
scores of postmenopausal elderly women who part�c�pated
�n the study. However, BMD average scores were h�gher
than before. Although no supplements were taken, BMD
�ncreased on average. Our f�nd�ngs are cons�stent w�th
some stud�es report�ng that the e�ect of exerc�se on BMD �s
not s�gn�f�cant (24,25). Th�s f�nd�ng may �nd�cate that,
short-term P�lates does not produce a res�stance exerc�se
e�ect on the BMD of postmenopausal women.

Ang�n et al. reported that P�lates exerc�ses s�gn�f�cantly �nc-
reased BMD. It �s thought that the d��erent f�nd�ng �n the�r
study may be due to the fact that they �ncluded younger wo-
men w�th osteoporos�s (40-69 years), and that �t was a s�x
month long study (18). Accord�ng to a newly publ�shed
meta-analys�s, the e�ect of P�lates exerc�ses on BMD �n
postmenopausal women �s unclear. However, the small
number of stud�es �ncluded �n the rev�ew and the low met-
hodolog�cal qual�ty of the major�ty of the stud�es do not
currently allow rel�able est�mat�on of results. More robust
random�zed controlled stud�es w�th h�gh methodolog�cal
qual�ty are needed to conf�rm the results of th�s meta-analy-
s�s (21)

One-th�rd of all adults over the age of 64 �s faced w�th a r�sk
of fall�ng every year (26). When older adults exper�ence
concerns about fall�ng, phys�cal act�v�ty levels decrease and
cause l�m�ted da�ly act�v�t�es. Exerc�se �mproves muscle st-
rength of core and postural stab�l�ty to prevent falls (27).
Keasler et al. found that P�lates and balance exerc�ses may
�mprove postural stab�l�ty �n older adults (28). Accord�ng to
another study, reformer exerc�ses s�gn�f�cantly �mprove-
funct�onal movement, stat�c and dynam�c balance (29).
Some of the stud�es supported that P�lates exerc�se and
dance prov�de an �mprovement �n balance of older adults
(30,31). In our study, the PG group demonstrated a s�gn�f�-
cant �mprovement (p<0.05) for balance. Therefore, �t can be
emphas�zed that the result obta�ned from our study sup-
ports the expected e�ect from P�lates.

Accord�ng to the secondary f�nd�ngs, the PG group de-
monstrated a s�gn�f�cant �mprovement (p<0.05) for wa�st
c�rcumference, walk�ng speed (4m walk), leg strength (s�t
to stand), and total phys�cal performance �n older women
when compared w�th the control group (p>0.05, Table 4).
Thus, �t �s poss�ble to state that a hypothes�s of the research
�s conf�rmed, and P�lates �s e�ect�ve on phys�cal performan-
ce. Interest�ngly, �t’s �mportant to emphas�ze that there was
a s�gn�f�cant decrease �n the CG (p<0.05). Phrompaet et al.,
who exam�ned the e�ects of P�lates exerc�ses on �ex�b�l�ty
and lumbo-pelv�c movement control reported that the �ex�-
b�l�ty of the P�lates group �ncreased s�gn�f�cantly compared
w�th the control group (32).

P�lates �mproved s�gn�f�cantly fat rat�o, FFM, WC, HC
(p<0.05), but there was no e�ect on BMI. (p>0.05, Table 4).
In the control group, no s�gn�f�cant d��erence �n body com-
pos�t�on var�ables was present a�er the program (p>0.05).
Four�e et al. (33), and Sekend�z et al., (34) found �ns�gn�f�-
cant changes �n BMI. Older adults who have sedentary l�-
festyles lose fat-free mass faster than people who have re-
gular exerc�se rout�ne (35). Accord�ngly, �t was s�m�lar to the
f�nd�ngs of Ru�z-Montero et al., w�th �mproved bas�c muscle
mass and decreased FM values w�th aerob�c and P�lates
exerc�ses (36), and of Lomba Vasconcelos et al. on wa�st
and h�p measurements �n older women (37).

There are some l�m�tat�ons �n our study. F�rst �s the number
of part�c�pants. The reason for th�s �s the l�m�ted number of
part�c�pants who can regularly take part �n an exerc�se
program, and adherence to exerc�se �n terms of health �n
th�s age group. Second, we d�d not �nvest�gate the e�ects of
the frequency and �ntens�ty of exerc�se on BMD. We asses-
sed BMD aga�n a�er three months of exerc�se.

CONCLUSION
P�lates exerc�se have e�ects on body compos�t�on and phy-
s�cal performance of older women. BMD d�d not s�gn�f�-
cantly �ncrease; however, the mean values were h�gher �n
the P�lates group. It �s poss�ble to say that short-term P�lates
exerc�se does not produce a res�stance tra�n�ng e�ect on
bone m�neral dens�ty of postmenopausal women.
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