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Effects of Tai Chi Exercise on
Functional and Life Quality Assessments in

Senile Osteoporosis

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vveess::  To in ves ti ga te and des cri be the ef fects of Ta i Chi exer ci se prog ram on
func ti o nal abi lity and li fe qu a lity as sess ments for sub jects with se ni le os te o po ro sis. MMaa  ttee  rrii  aall  aanndd
MMeett  hhooddss::  A ran do mi zed con trol led study was car ri ed out to assess the the ra pe u tic ef fi cacy of Ta i
Chi exer ci ses. Forty-four se den tary wo men (me an age 70.2) with bo ne mi ne ral den sity T sco res ≤
-2.5 and less we re ran do mi zed in to 2 gro ups (Ta i Chi gro up; n= 22 and con trol gro up; n= 22) and
were en rol led in a 6-months tra i ning study. Ac cor ding to the Ta i Chi exer ci se re gi men, the ho ur-
long prac ti ce ic lu ded a bri ef warm-up and stretc hing, a comp le te long-form Ta i Chi for 40 mi nu -
tes and co ol down/re la xa ti on. The con trol gro up was ins truc ted not to chan ge the ir li fe style for the
du ra ti on. Pa ti ents in both gro ups we re gi ven ho me-ba sed ac ti ve ran ge of mo ti on exer ci ses. The
gro ups we re eva lu a ted by Not ting ham He alth Pro fi le (NHP), Short Form He alth Sur vey (SF-36),
sen si ti zed Rom berg test (SRT), and ti me sit to stand (TSS). RRee  ssuullttss::  Comparisons of the two groups
revealed that the improvement in NHP physi cal ac ti vity sco re (p= 0.04), NHP ten der ness sco re (p=
0.004), NHP to tal sco re (p= 0.02), SF-36 physi cal func ti on (p= 0.04), SF-36 physi cal ro le li mi ta ti ons
(p= 0.01), SF-36 pa in (p= 0.03), SRT eyes open (p= 0.007), SRT eyes clo sed (p= 0.001) and TSS (p=
0.002) we re significantly higher in the Tai Chi group than in the control group at the end
of 6 months. CCoonncc  lluu  ssii  oonn::  Ta i Chi tra i ning is ef fec ti ve in se ni le os te o po ro tic sub jects to pro mo te
func ti o nal abi lity and li fe qu a lity.

KKeeyy  WWoorrddss::  Qu a lity of li fe; os te o po ro sis; Ta i Chi

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada, yaş lı os te o po ro tik has ta lar da Ta i Chi eg zer siz prog ra mı nın ya şam ka -
li te si ve fonk si yo nel du rum üze rin de ki et ki le ri ni araş tır mak amaçlandı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ta i
Chi eg zer siz le ri nin te ra pö tik et kin li ği nin de ğer len di ril di ği ran do mi ze kon trol lü bir ça lış ma ya pıl -
mış tır. Ke mik mi ne ral yo ğun lu ğu T sko ru -2.5 ve daha az olan 44 se dan ter ka dın (yaş or ta la ma sı
70.2) iki gru ba ran do mi ze edi le rek (Ta i Chi gru bu s= 22 has ta, kon trol gru bu s= 22 has ta) 6 ay sü -
re li bir ça lış ma ya alın dı. Ta i Chi eg zer siz prog ra mı na gö re 1 sa at lik prog ram ısın ma, esneme, 40
da ki ka lık tam uzun luk ta Ta i Chi ve so ğu ma/gevşeme öğe le ri ni içer mek tey di. Kon trol gru bu nun
ça lış ma bo yun ca ya şam şekil le ri ni de ğiş tir me me le ri is ten di. Her iki gru ba da ak tif ek lem ha re ket
açık lı ğı eg zer siz le ri ev eg zer siz le ri prog ra mı ola rak ve ril di. Grup lar Not ting ham He alth Pro fi le
(NHP), Short Form He alth Sur vey (SF-36), Sen si ti ze Rom berg Tes ti (SRT) ve otur ma-kalk ma sü -
re si (TSS) pa ra met re le ri ile de ğer len di ril di. BBuull  gguu  llaarr::  Altıncı ayın so nun da grup lar bir bi riy le kar -
şı laş tı rıl dı ğın da NHP fi zik sel ak ti vi te sko run da (p= 0.04), NHP du yar lı lık sko run da (p= 0.004),
NHP to tal sko run da (p= 0.02), SF-36 fi zik sel fonk si yon sko run da (p= 0.04), SF-36 fi zik sel rol kı -
sıt lan ma la rın da (p= 0.01), SF-36 ağ rı sko run da (p= 0.03), göz ler açık iken SRT de (p= 0.007), göz -
ler ka pa lı iken SRT’de (p= 0.001) ve TSS’de (p= 0.002), Tai Chi grubu, kon trol gru bu na gö re üs tün
bu lun du. SSoo  nnuuçç::  Ta i Chi eg zer siz le ri yaş lı os te o po ro tik has ta lar da fonk si yo nel du ru mu ve ya şam
ka li te si ni art ır ma da et ki li bu lun du. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ya şam ka li te si; os te o po roz; Ta i Chi
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e ni le os te o po ro sis is in vo lu ti o nal os te o po ro -
sis over age 65, cha rac te ri zed by cor ti cal and
tra be cu lar bo ne loss du e to age-re la ted fac-

tors.1 Dec re a sed con trol of pos tu re and fal ling-re la -
ted in ju ri es, es pe ci ally frac tu res are the un wil led
comp li ca ti ons of se ni le os te o po ro sis. The aging po -
pu la ti on is ex po sed to this se ri o us prob lem and di s-
a bi lity/im mo bi lity re sul ting from falls ha s
de le te ri o us ef fects on the el derly.1

The age-re la ted chan ges in musc le type II fi ber
si ze ca u se musc le at rophy, le a ding to a dec li ne in
musc le po wer out put and physi cal func ti on.2-4 It is
hypot he sed that the age re la ted chan ges in type II
fi ber si ze and dis tri bu ti on le ad to dec re a sed pos tu -
ral sta bi lity and in cre a sed in ci den ce of falls in the
el derly with fra gi le bo ne. 

Cog ni ti ve se ri al con trol exer ci ses and prop ri o -
cep ti ve bi o fe ed back exer ci ses are ad vi sed to im pro -
ve con trol of pos tu re and mo ti on.1 The in ter-
na ti o nal li te ra tu re con ta ins stu di es on the ef fect of
Ta i Chi, de mons tra ting its ef fi cacy in pos tu ral con-
trol and lo we ring risk of falls.5,6 Tho ugh no dif fe -
ren ce in fall fre qu ency was fo und bet we en sub jects
who prac ti ced Ta i Chi and tho se who fol lo wed a
mo re ge ne ral exer ci se re gi men or ba lan ce tra i ning,
it is conc lu ded that se ve ral Ta i Chi tech ni qu es sho -
uld be inc lu ded in gro up exer ci ses, par ti cu larly in
wo men with ba lan ce dis tur ban ces and tho se unab -
le to per form hig her im pact exer ci ses. A re cent re-
vi ew abo ut cur rent mo des of pre ven ti on and
tre at ment in os te o po ro sis sup port Ta i Chi exer ci se
for ba lan ce tra i ning in os te o po ro tic sub jects.7 In a
re cent study by Glo ri a Y et al, qu a lity of li fe is was
in cre a sed in pa ti ents with chro nic he art fa i lu re by
one-ho ur-long form gro up Ta i Chi clas ses.8 Anot -
her study sho wed that Ta i Chi im pro ved physi o lo -
gic pa ra me ters, func ti o nal out co mes and qu a lity of
li fe.9

Ta i Chi is a tra di ti o nal Chi ne se ae ro bic exer ci -
se.10 Its exer ci se in ten sity is usu ally of low to mo d-
e ra te le vel (50 to 70% of ma xi mal he art ra te) with
an in ten sity of 4.0 me ta bo lic equ i va lents (METs) si -
mi lar in the in ten sity of brisk wal king; thus, older
adults and those with chronic illnesses may prac-
tice it safely.11

Long form of Ta i Chi (40 min-1-ho ur prac ti -
ce) con sists of a se ri es of slow but con ti nu o us mo -
ve ments of every jo int le a ding to an op ti mal use of
dif fe rent com po nents of pos tu ral con trol. The slow
mo ve ments may pro mo te sen sory awa re ness. In
ad di ti on, pre ci se con trol of body mo ve ment may
pro mo te musc le co or di na ti on and shift of body po-
si ti on may pro mo te dyna mic ba lan ce.12 Ta i Chi mo -
ve ments in vol ve con ti nu o us kne e fle xi on and
ex ten si on mo ti on du ring we ight be a ring pha se of
the mo ve ment. It inc lu des ae ro bic, streng the ning
and ran ge of mo ti on com po nents. Thus, a mo ve -
ment may re qu i re a re la ti vely long du ra ti on of ec-
cen tric ac ti va ti on of leg musc les over a lar ge ran ge
of jo int mo ti on which im pro ves strength of the
musc le, pos tu ral sta bi lity, car di o res pi ra tory fit ness
as well as mus cu lar strength and en du ran ce in el d-
erly in di vi du al.11-13

Ta i Chi is a mo de ra te in ten sity exer ci se mo da -
lity, which can be used in re ha bi li ta ti on prog rams
to sup port pos tu ral sta bi lity and en du ran ce. Ho we -
ver, in for ma ti on on the re la ti ons hip bet we en of
Tai-Chi and qu a lity of li fe is very li mi ted.14 The re -
fo re, this study was de sig ned to in ves ti ga te the ef-
fects of Ta i Chi exer ci se prog ram on func ti o nal
abi lity and li fe qu a lity as sess ments of the sub jects
with se ni le os te o po ro sis.

MA TE RI AL AND MET HODS

SUB JECTS

A ran do mi zed con trol led, lon gi tu di nal study was
car ri ed out in which the the ra pe u tic ef fi cacy of Ta i
Chi exer ci ses was in ves ti ga ted in se den tary wo men
with se ni le os te o po ro sis. Ulu dağ Uni ver sity Hos pi -
tal Et hi cal Com mi tte e ap pro val was ob ta i ned for
the study. A to tal of 44 se den tary wo men with se-
ni le os te o po ro sis (abo ve age 65) were selected
among the out pa ti ents of Ata türk Bal ne ot he rapy
and Re ha bi li ta ti on Cen ter ac cor ding to the ir phys-
i cal ac ti vity le vel and T sco res of Du al Energy X-
Ray Ab sorp ti o metry (DE XA) as inc lu si on
cri te ri a.15,16

All sub jects who met the study cri te ri a we re
in for med of the na tu re of the study and a writ ten
con sent was ob ta i ned. The term se den tary was
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func ti o nally de fi ned as < 1.5 km of wal king or < 4
hrs of stan ding a day and ac ti vity qu es ti on na i res
we re used to con firm that all sub jects we re se den -
tary be fo re en roll ment in the pro to col.15 Forty-four
se den tary wo men with bo ne mi ne ral den si ti es
(BMD) mo re than 2.5 stan dard de vi a ti ons be low
the yo ung nor mal me an and less (T sco re ≤ -2.5)
we re ran do mi zed in to two gro ups and were en rol -
led in a 6-month tra i ning study. The me an age of
the sub jects was 70.2 yrs (ran ge, 65-77 yrs). Physi -
cal exa mi na ti ons and ro u ti ne la bo ra tory analy sis
we re per for med to en su re that no pre e xis ting con-
di ti on wo uld con fo und re sults. Anterior-posterior
(AP) chest X-rays we re ta ken and car di o logy con-
sul ta ti ons we re do ne for each sub ject to en su re that
they we re fre e of pre e xis ting de com pen sa te car di -
o vas cu lar and pul mo nary system di sor ders. Mus cu-
los ke le tal di sor der cre a ting dif fi cul ti es in exer ci se
li ke new (last 2 months) ver teb ral or pe rip he ric
frac tu res we re the exc lu si on cri te ri a. The gro ups
we re com pa red for me an age, body mass in dex
(BMI), BMD, jo int prob lems, Not ting ham He alth
Pro fi le (NHP), Short Form He alth Sur vey (SF-36),
sen si ti zed Rom berg test (SRT), and ti me sit to stand
(TSS). They we re ho mo ge ne o us for all the se va ri -
ab les at enrollment (Tab le 1). 

The sub jects we re ins truc ted not to ma ke any
ad di ti ons or chan ges in the ir me di ca ti ons af fec ting
ne u ro mus cu lar con trol (se da ti ves) for the du ra ti on
of the study. All the sub jects to ok an ti os te o po ro tic
me di ca ti on (an ti re sorp ti ves li ke ri sed ro na te, alen -
dro na te or cal ci to nin) and the ir me di ca ti on was
kept stab le for the du ra ti on. 

Par ti ci pants in the Ta i Chi gro up (n= 22) we re
spe ci fi cally ins truc ted not to par ti ci pa te in any ex-
er ci se class or or ga ni zed ac ti vity except for the ex-
ercise sessions of the study. The 22 con trol sub jects
we re ins truc ted to ma in ta in the ir se den tary li fest -
yle for the du ra ti on (Fi gu re 1).

As sign ment

Par ti ci pants we re ran domly as sig ned to Ta i Chi
(Group 1) and (Group 2) gro ups. Simp le ran do mi za -
ti on was do ne by using a com pu ter ge ne ra ted tab le of
ran dom num bers. 

Mas king

In this sing le-blind study a blind exa mi ner car ri ed
out all out co me as sess ments. In addition sta tis ti ci -
an was una wa re of tre at ment al lo ca ti ons un til com-
p le ti on of analy ses.

Physi cal Ac ti vity Sca le

The le vel of physi cal ac ti vity was de ter mi ned by a
gra ded qu es ti on na i re that va ri ed from se den tary to

Physical Medicine and Rehabilitation Alp et al

Group 1 (Tai Chi) Group 2 (Control)
(n= 22) (n= 22)

(MV ± SD) (MV ± SD)
Age 69.5 ± 4.9 71.2 ± 6.3

BMI 26 ± 5 24 ± 6

BMD (lumbar total)T score -3.2 ± 1.1 -3.4 ± 0.9

BMD (femur total) T score -2.9 ± 0.8 -3.0 ± 1.2

PWJP 7 8

NHP TotalS 8.6 ± 5.4 11 ± 6,8

NHP PAS 2.1 ± 1.3 3.0 ± 1.6*

NHPTS 3.5 ± 2.6 3.8 ± 2.0

SF-36MH 69.9 ± 10.5 60.4 ± 11.9

SF-36PF 74.1 ± 20.5 61.8 ± 19.7

SF-36PRL 58.8 ± 43.2 58.8 ± 46.1

SF-36P 60.6 ± 26.8 58.5 ± 21.6

SRT eyes open 19.9 ± 7 16.9 ± 13.7

SRT eyes closed 5 ± 3.1 5.1 ± 2.5

TSS 48.8 ± 10.7 44.2 ± 11.2

TABLE 1: Baseline values of variables and 
patient characteristics in each group.

*= p< 0.05, MV ± SD: Mean Value ± Standard Deviation, BMI: Body Mass Index, BMD:
Bone Mineral Density, PWJP: Patients With Joint Problems, NHP TotalS: Nottingham
Health Profile Total Score, NHPPAS: Nottingham Health Profile Physical Activity Score,
NHPTS: Nottingham Health Profile Tenderness Score, SF-36MH: Short Form Health
Survey Mental Health, SF-36PF: Short Form Health Survey Physical Function, SF-
36PRL: Short Form Health Survey Physical Role Limitations, SF-36P: Short Form Health
Survey Pain, SRT: Sensitized Romberg Test, TSS: Time Sit to Stand.

FIGURE 1: Flow chart.

182 patients
with primary osteoporosis 

44 sedentary patients with senile osteoporosis

TTaaii  CChhii  ggrroouupp (n= 22)                                    CCoonnttrrooll  ggrroouupp (n= 22)

(n= 2)              (n= 20)                  (n= 3)             (n= 1)          (n= 18)
Attendance     Completed            Protocol          Lost to       Completed
irregularities  irregularities     follow up



he avy vo ca ti o nal and non-vocational ac ti vity le v-
els.15 Physi cal ac ti vity was ca te go ri zed as re la ted to
ho u se work, job and sports. The se ca te go ri es we re
each ra ted on a sca le ran ging from 0 to 6 and the to -
tal sco re used in the analy sis was de fi ned as the sum
of the thre e com po nents. Wal king < 1.5 km/day or
stan ding < 4 hrs/day cons ti tu tes the term se den tary
and it is ca te go ri zed as 0-1 ac cor ding to the sca le.15

Ta i Chi exer ci se 3 ti mes a we ek for 40 min/day rep-
re sents mo de ra te physi cal ac ti vity in da ily li fe with
mo de ra te in ten sity.11,15,16

Du al Energy X-Ray Ab sorp ti o metry

Axi al (lum bar 1-4 and fe mur neck) BMD me a su re -
ments we re do ne by DE XA (Ho lo gic) in the De-
partment of Radiology School of Medicine Uludağ
University. Me a su re ments do ne in the last 12
months we re considered suf fi ci ent and new me a -
su re ments we re not re qu i red.

La bo ra tory analy sis

Serum li ver and re nal func ti on tests (se rum tran sa -
mi na ses, gam ma glu tamyl trans pep ti da se, uric acid,
urea, cre a ti ni ne), thyro id func ti on tests (thyro id
sti mu la ting hor mo ne, fre e T3 and T4, to tal T3 and
T4), se rum cal ci um, phosp ha te, to tal al ka li ne phos-
p ha ta se, glu co se, as well as ure a, cre a ti ni ne, cal ci -
um, and phosp ha te levels in 24-hr uri ne samp les
we re me a su red for each sub ject to re ve al the pre s-
en ce of un derl ying me ta bo lic/syste mic di se a ses and
to exc lu de se con dary os te o po ro sis. Ro u ti ne la bo ra -
tory analy zers (Ab bott Alc yon 300i, Ad vi a Cen ta -
ur) we re used for the me a su re ments. Blo od and
uri ne samp les we re col lec ted bet we en 8:00 and
10:00 a.m. af ter a 12-hr fast.

Sen si ti zed Rom berg Test 

This ba lan ce test is used to de ter mi ne how long the
pa ti ent is ab le to stand ste ady with fe et ap pro xi -
ma ted (the to es of one fo ot to uc hing the he el of the
fo ot in front of it), eyes open and then clo sed. The
ave ra ge length is re cor ded in se conds.1

Ti me sit to stand (TSS)

The sub ject is as ked to stand up from a sit ting po si ti -
on and then sit down aga in 10 ti mes as qu ickly as pos-
sib le, wit ho ut using a sup port and sho es (se conds).1

Qu a lity of Li fe

NHP as sesses per ce i ved physi cal, so ci al and emo ti -
o nal he alth with 38 items ans we red “yes” or
“no”.17,18 The NHP inc lu des physi cal mo bi lity, pa -
in, emo ti o nal re ac ti on, energy le vel, sle ep and so-
ci al iso la ti on eva lu a ti on. Eight qu es ti ons for pa in
(NHP-PS) and physi cal ac ti vity (NHP-PAS), 5 for
sle ep (NHP-SS), 3 for ti red ness (NHP-TS), 5 for so-
ci al iso la ti on (NHP-SIS), and 9 for emo ti o nal re ac -
ti on (NHP-ERS) we re as ked. The “we igh ted sco re ”
(1) of the re la ted qu es ti on was gi ven for each “yes”
ans wer and 0 po int for each “no” ans wer. The ove -
rall sco re was cal cu la ted se pa ra tely for each pa ra -
me ter and then the total NHP score to tal sco re
(NHP To talS) was ob ta i ned by adding the sco res of
the se six pa ra me ters.

SF-36 includes 36 items se lec ted from a lar ger po -
ol of items used in Me di cal Out co mes Study. The
SF-36 as ses ses 8 he alth con cepts by using mul ti-
item sca les; physi cal func ti o ning (SF-36PF) (10
items), ro le li mi ta ti ons ca u sed by physi cal he alth
prob lems (SF-36PRL) (4 items), ro le li mi ta ti ons ca -
u sed by emo ti o nal prob lems (SF-36ERL) (3 items),
so ci al func ti o ning (SF-36SF) (2 items), men tal he -
alth (SF-36MH) (5 items), vi ta lity (SF-36 vi ta lity)
(4 items), pa in (SF-36P) (2 items) and ge ne ral he -
alth per cep ti ons (SF-36GHP) (5 items). An ad di ti -
o nal sing le item as ses ses chan ge in per ce i ved
he alth. First 4 con cepts are physi cal com po nent
sco res and last 4 con cepts are men tal com po nent
sco res.  The sco ring is bet we en 0-100 (hig her the
sco re, bet ter the he alth qu a lity).19

Exer ci se Prog ram

The gro up exer ci se was per for med 3 ti mes a we ek
in the re ha bi li ta ti on de part ment of the hos pi tal by
the gu i dan ce of an ex pe ri en ced Ta i Chi mas ter as
an exer ci se ins truc tor ac com pa ni ed by a cli nic nur -
se. The exer ci se class las ted for 6 months. Ac cor -
ding to the Ta i Chi exer ci se re gi men, the ho ur-long
prac ti ce inc lu ded a bri ef warm-up and stretc hing
(10 mi nu tes), a comp le te long-form Ta i Chi for 40
mi nu tes and co ol down/re la xa ti on (10 mi nu tes).12

Every mon day, Ta i Chi ses si ons star ted with 10 mi -
nu tes of tra i ning for the par ti ci pants to re mem ber
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the physi cal mo ve ments. To mi ni mi ze the risk for
me di cal comp li ca ti ons and pro mo te comp li an ce,
du ra ti on of exer ci se for se dentary par ti ci pants star -
ted low and prog res sed gra du ally ba sed on to le ran -
ce. (1-4 we eks; 15-30 min; 5-24 we eks; 30-40
min).20 The blo od pres su res and ra di al pul ses of the
sub jects we re chec ked be fo re and af ter the exer ci -
se by a chro no me ter and a sphygmo ma no me ter.
The systo lic pres su re usu ally in cre a ses du ring the
exer ci se. A mo de ra te ri se of the di as to lic blo od
pres su re is considered ac cep tab le, but this in cre a se
sho uld not ex ce ed 20 mmHg.21,22 Be ca u se the sub-
jects we re aged wo men of unk nown car di o vas cu lar
fit ness, an eva lu a ti on of ef fort to le ran ce ne e ded to
pre ce de the in cep ti on of the exer ci se prog ram. Car-
di o vas cu lar eva lu a ti on was do ne af ter 10 mi nu tes
of pe dal ling (mo de ra te in ten sity) by bicy cle er go -
me ter. The sub ject with ra di al pul ses or blo od pres-
su re be yond the ap prop ri a te tar get ra te or who
de ve lo ped chest pa in, diz zi ness and dyspne a had to
be exc lu ded.21,22 No  subject was be yond the tar get
of the ef fort to le ran ce test. Ho we ver, so me sub jects
who co uld not to le ra te the exer ci se prog ram for
dif fe rent re a sons we re as ked to rest and then jo in
the gro up to con ti nu e du ring the Ta i Chi ses si -
on.

STA TIS TI CAL ANALY SIS

The gro ups we re com pa red with Krus kal-Wal lis
test to de ter mi ne whet her any dif fe ren ces exis ted
between the ini ti al me an va lu es of the gro ups for
age, BMI (kg/m2), BMD (g/cm3), jo int prob lems,
NHP, SF-36, TSS and SRT (Tab le 1). Wil co xon’s
rank-sum test was used to de ter mi ne the chan ges
bet we en ba se li ne and fol low-up in each gro up
(Tab le 2). Be ca u se of the ab nor mal dis tri bu ti on of
the raw sco res and the small samp le si zes, a non pa -
ra met ric test was se lec ted. Fi nally, Mann-Whit ney
U test was used to com pa re the gro ups by per cent
of chan ges (Tab le 3). The le vel of sig ni fi can ce for
all tests was p< 0.05. 

RE SULTS

At ba se li ne Gro up 1 (n= 22) and Gro up 2 (n= 22)
we re ho mo ge ne o us for pa ti ent cha rac te ris tics and
cli ni cal me a su re ments ex cept for NHP-PAS. NHP-

PAS was hig her in Gro up 2 (p< 0.05) (Tab le 1). Two
sub jects in Gro up 1 had at ten dan ce ir re gu la ri ti es.
In Gro up 2, one sub ject was lost to fol low up and
thre e sub jects had pro to col ir re gu la ri ti es li ke chan -
ge of li fe-style or ha ving new me di ca ti ons af fec ting
ne u ro mus cu lar con trol. Be ca u se the sta tis ti cal
analy sis was do ne ac cor ding to the In ten ti on to
Tre at (ITT) prin cip le, all par ti ci pants we re inc lu -
ded in the sta tis ti cal analy sis re gard less of at ten -
dan ce or pro to col ir re gu la ri ti es.  

The re fo re, 20 sub jects in Gro up 1 and 18 sub-
jects in Gro up 2 we re left to con ti nue.

In-group com pa ri sons re ve a led that the re was
sta tis ti cally sig ni fi cant im pro ve ment in NHP-PAS
(p= 0.015), NHP-TS (p= 0.012), NHP-ERS (p= 0.02),
NHP To talS (p= 0.005), SF-36PF (p= 0.04), SF-
36PRL (p= 0.04), SRT eyes open (p= 0.01), SRT eyes
clo sed (p= 0.004) and TSS (p= 0.00) in Gro up 1. In
Gro up 2, only NHPPAS va ri ab le chan ged sig ni fi -
cantly (p= 0.03) compared to ba se li ne (Tab le 2).

Comparison of two groups by percent of
changes revealed that im pro ve ments ob ser ved in
NHP-PAS (p= 0.04), NHPTS (p= 0.004), NHP To-
talS (p= 0.02), SF-36PF (p= 0.04), SF-36PRL (p=
0.01), SF-36P (p= 0.03), SRT eyes open (p= 0.007),
SRT eyes clo sed (p= 0.001) and TSS (p= 0.002) we -
re significantly higher in Group 1 than in Group 2
at the end of 6 months (Table 3).

DIS CUS SI ON

The re sults of our study sup port the be ne fi ci al ef-
fects of Ta i Chi prac ti ce on pa in/ten der ness (p=
0.03, p= 0.004), ba lan ce (eyes open; p=0.007, eyes
clo sed; p= 0.001), physi cal func ti on (p= 0.002) and
li fe qu a lity (NHP To talS; p= 0.02, SF-36PF; p= 0.04,
SF-36PRL; p= 0.01) for se ni le os te o po ro tic sub jects
at the end of 6 months. The se fin dings con firm the
hypot he sis that pre ci se con trol of con ti nu o us body
mo ve ment may pro mo te musc le co or di na ti on, dy-
na mic ba lan ce and con se qu ently func ti o nal abi lity
in the el derly which are con se qu ently as so ci a ted
with in cre a se in li fe qu a lity. 

Prop ri o cep ti ve in put is one of the thre e pri-
mary forms (ot her forms are vi su al and ves ti bu lar)
of sen sory in put that con trol pos tu re. El derly per-
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sons with di mi nis hed prop ri o cep ti on and dec re a -
sed pos tu ral con trol are mo re sus cep tib le to ank le
tra u ma and falls than tho se with gre a ter pos tu ral
con trol.23,24 Re se arch on pos tu ral res pon ses to sur-
fa ce trans la ti ons has shown that ba lan ce is not ba -
sed on a fi xed set of equ i lib ri um ref le xes but on
fle xib le and func ti o nal mo tor skills that can adapt

with tra i ning and ex pe ri en ce.25 Lar ge disp la ce ment
of “Cen ter Of Pres su re” in Ta i Chi mo ve ments may
in du ce the lo wer ex tre mi ti es to rec ru it mo re mus-
c les with a hig her mag ni tu de of con trac ti on than
in nor mal wal king.26 Ma o et al analy zed cha rac te -
ris tics of fo ot mo ve ments in Ta i Chi and iden ti fi ed
7 fo ot sup port pat terns and 6 step di rec ti ons.27
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Initial Evaluation Last Evaluation
Mean Median SD Mean Median SD p

NHP-PAS G1 2.1 2 1.3 1.2 1 1.3 0.015*

G2 3.0 3.5 1.6 2.7 2.5 1.6 0.03*

NH-PTS G1 3.5 3 2.6 1.6 0 2.2 0.012*

G2 3.8 3.5 2.0 3.8 4 1.9 1.00

NHP-SS G1 1.2 1 1.1 0.7 0 0.8 0.06

G2 2.5 3.5 2.1 2.2 2 2.0 0.18

NHP-SIS G1 0.2 0 0.2 0.2 0 0.4 0.31

G2 0.9 0 1.5 0.9 0 1.5 1.00

NHP-ERS G1 1.5 1 1.9 0.9 0 0.8 0.02*

G2 3.1 3 2.4 2.8 3 2.4 0.18

NHP TotalS G1 8.6 8 5.4 4.7 3 4.3 0.005**

G2 11 12 6.8 12.3 12.5 6.5 0.15

SF-36PF G1 74.1 75 20.5 79.1 85 16.2 0.04*

G2 61.8 65 19.7 62.0 65 19.5 0.31

SF-36PRL G1 58.8 75 43.2 77.9 100 38.4 0.04*

G2 58.8 87.5 46.1 58.7 87.4 43.8 1.00

SF-36SF G1 80.1 75 19.8 80.9 87.5 20.8 0.78

G2 85.6 100 21.9 85.6 100 21.9 1.00

SF-36MH G1 69.9 68 10.5 69.9 68 10.8 1.00

G2 60.4 60 11.9 60.6 60 11.7 0.32

SF-36 vitality G1 52.6 55 7.5 54.4 55 11.8 0.59

G2 48.3 50 14.5 48.5 50 14.1 0.31

SF-36P G1 60.6 50 26.8 69.4 70 25.9 0.06

G2 58.5 60 21.6 59.0 60 21.5 0.32

SF-36GHP G1 55.4 58.3 7.6 61.5 62.5 16.0 0.15

G2 60.2 56.3 8.5 53.3 58.3 17.6 0.74

SF-36ERL G1 74.5 100 43.3 80.4 100 39.2 0.32

G2 56.7 66.7 43.4 60.0 66.7 41.3 0.31

SRT eyes open G1 19.9 19 7.0 23.6 21 6.8 0.01*

G2 16.9 12 13.7 11.4 11.5 5.1 0.35

SRT eyes closed G1 5.0 5 3.1 7.1 7 2.9 0.004**

G2 5.1 4.5 2.5 5.0 4 2.6 0.95

TSS G1 48.8 49 10.7 39.2 40 10.6 0.00***

G2 44.2 44.5 11.2 41.7 39.5 11.2 0.13

TABLE 2: Changes from baseline in Group 1 and Group 2

*: p< 0.05, **: p< 0.01, ***: p< 0.001, G1: Group 1, G2: Group 2, IE: Initial Evaluation, LE: Last Evaluation,  NHP-PAS:  Nottingham Health Profile Physical Activity Score, NHP-TS:  Not-
tingham Health Profile Tenderness Score, NHP-SS:  Nottingham Health Profile Sleepness Score, NHP-SIS:  Nottingham Health Profile Social Isolation Score, NHP-ERS: Nottingham
Health Profile Emotional Reaction Score, NHP TotalS: Nottingham Health Profile total score, SF-36PF:  Short Form Health Survey Physical Functioning, SF-36PRL:  Short Form Health
Survey Physical Role Limitations, SF-36SF:  Short Form Health Survey Social Functioning, SF-36MH:  Short Form Health Survey Mental Health, SF-36vitality:  Short Form Health Sur-
vey Vitality, SF-36P: Short Form Health Survey Pain, SF-36GHP: Short Form Health Survey General Health Perceptions, SF-36ERL:  Short Form Health Survey Emotional Role Lim-
itations, SRT: Sensitized Romberg Test, TSS: Time Sit to Stand.



When com pa red with nor mal wal king, Ta i Chi
mo ve ment had mo re do ub le-limb sup port. Sup port
pat terns chan ged slowly, com bi ned with va ri o us
step di rec ti ons and they we re fo und to be bet ter
than tho se of wal king in si mu la ting the ga it chal-
len ges that may be en co un te red in da ily ac ti vi ti es.
The re fo re, co or di na ti on tra i ning by Ta i Chi is ex-
pec ted to in cre a se prop ri o cep ti on, dec re a se pos tu -
ral sway and ten dency to falls. This ex pec tancy is
jus ti fi ed by our pre sent fin dings by me ans of the
sen si ti zed rom berg test witheyes open or eyes clo -
sed. The im pro ve ment in pos tu ral con trol was bet-
ter when the vi su al com po nent of sen sory in put
was exc lu ded (p= 0.001). 

The as so ci a ti on bet we en ec cen tric strength of
kne e ex ten sors and im pro ve ment in prop ri o cep ti ve
in put du ring qu i et stan ce was shown in pre vi o us
stu di es.10,12,28-31 Du ring Ta i Chi prac ti ce, kne e ex ten-
sors are ec cen tri cally ac ti ve to con trol the spe ed of
kne e fle xi on whi le the we ight-be a ring leg chan ges

con ti nu o usly but slowly from ex ten si on to fle xi on.
Lan et al ha ve re por ted the iso ki ne tic strength
chan ge in el derly pe op le af ter prac ti cing Ta i Chi for
6 months.10 They me a su red both con cen tric and ec-
cen tric strengths at va ri o us spe eds and fo und sig ni -
fi cant im pro ve ments in all strength me a su res. Ti me
sit to stand test (cha ir test) which was used in our
study is an eva lu a ti on met hod for the ki nest he tic
im pro ve ment in leg musc les, inc lu ding ec cen tric
and con cen tric com po nents of con trac ti on du ring
the cha ir test ac ti vity. Ba sed on the re sults ob ser -
ved, strengthe ning of the leg musc les by Ta i Chi
prac ti ce is tho ught to be as so ci a ted with a shor ter
ti me for sit to stand; an in di ca tor of the func ti o nal
im pro ve ment which is se en to be ac com pa ni ed by
the im pro ve ment in physi cal ro le li mi ta ti ons. Tho -
ugh initial NHP physi cal ac ti vity sco res we re wor -
se in the con trol gro up (Tab le 1, p< 0.05), the
im pro ve ment was less than in the Ta i Chi exer ci se
gro up (Tab le 3, p< 0.05). This al so shows the su pe -
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G1 G2
Mean Median SD Mean Median SD p

NHP-PAS (%) -44.1 0 42.6 -9.6 0 17.8 0.04*

NHP-TS (%) -45.6 0 25.2 11.7 0 68.6 0.004**

NHP-SS (%) -18.6 0 36.3 -7.8 0 23.9 0.27

NHP-SIS (%) -5.9 0 24.3 0 0 0 0.28

NHP-ERS (%) -33.8 0 47.6 -6.3 0 22.8 0.05

NHP TotalS (%) -42.0 -40 43 14.9 0 92 0.02*

SF-36PF (%) 17.7 0 5.2 0.6 0 2.5 0.04*

SF-36PRL (%) 68.6 0 14.1 0 0 0 0.01*

SF-36SF (%) 1.3 0 12.9 0 0 0 0.61

SF-36MH (%) 0 0 2.1 0.4 0 1.7 0.58

SF-36vitality (%) 3.9 0 23.5 0.6 0 2.8 0.91

SF-36P (%) 23.1 0 25.6 1.0 0 4.5 0.03*

SF-36GHP (%) 15.6 13.3 41.7 -7.4 7.7 365 0.14

SF-36ERL (%) 5.9 0 24.3 3.3 0 14.9 0.87

SRT eyes open (%) 24.2 19.4 28.4 -9.8 -10.8 37.6 0.007**

SRT eyes closed (%) 91.2 40 54.7 5.9 4.5 9.8 0.001**

TSS (%) -19.6 17.3 13.4 -5.0 -2.0 12 0.002**

TABLE 3: Comparison of the percent changes for each variable in Group 1 (Tai Chi) and Group 2 (control).

*: p< 0.05, **: p< 0.01, G1: Group 1, G2: Group 2, IE: Initial Evaluation, LE: Last Evaluation, NHPPAS:  Nottingham Health Profile Physical Activity Score, NHPTS:  Nottingham Health
Profile Tenderness Score, NHPSS:  Nottingham Health Profile Sleepness Score, NHPSIS:  Nottingham Health Profile Social Isolation Score, NHPERS:  Nottingham Health Profile Emo-
tional Reaction Score, NHPTotalS: Nottingham Health Profile total score, SF-36PF:  Short Form Health Survey Physical Functioning, SF-36PRL:  Short Form Health Survey Physical
Role Limitations, SF-36SF:  Short Form Health Survey Social Functioning, SF-36MH:  Short Form Health Survey Mental Health, SF-36vitality:  Short Form Health Survey Vitality, SF-
36P:  Short Form Health Survey Pain, SF-36GHP: Short Form Health Survey General Health Perceptions, SF-36ERL:  Short Form Health Survey Emotional Role Limitations, SRT:
Sensitized Romberg Test, TSS: Time Sit to Stand



ri o rity of Ta i Chi prac ti ce in the res to ra ti on of phys-
i cal ac ti vity li mi ta ti ons.

The clo se re la ti on bet we en ec cen tric musc le
strength and qu a lity of li fe was pre vi o usly re por -
ted.3 Bas sey et al sho wed that dec re a sed leg mus-
c le po wer in fra il el ders was among the most
im portant li mi ting fac tors for per for ming da ily
ac ti vi ti es such as sta ir clim bing, ri sing from a cha -
ir and wal king.4 Mo re o ver, a clo se as so ci a ti on was
reported bet we en an in di vi du al’s func ti o nal di sa -
bi lity and his/her sus cep ti bi lity to falls.32 For ex-
amp le fal lers ha ve sig ni fi cantly mo re di sa bi li ti es
in per for ming ac ti vi ti es of da ily li ving than non-
fal lers10 and per sons with li mi ted physi cal func ti -
on are mo re li kely to sus ta in in ju ri es from the ir
falls than tho se wit ho ut any func ti o nal li mi ta ti -
ons.32-34

Physi cal ac ti vity is known to be as so ci a ted
with a bet ter lon ge vity and re du ced mor bi dity. In
ad di ti on, exer ci se has a mo od ele va ting ef fect,
which co un te racts the emo ti o nal blu es of ha ving a
chro nic di se a se.35 Tho ugh the re was no sig ni fi cant
im pro ve ment in our Ta i Chi prac ti ti o ners (p> 0.05),
Ko et al re por ted that Ta i Chi im pro ved SF-36 vi ta -
lity and men tal he alth sco res in he althy Chi ne se
wo men but the study was li mi ted by the lack of a
con trol gro up.14 In anot her study, daily activities
improved with Ta i Chi in se den tary ol der adults
ran ging from wal king and lif ting to run ning me a -
su red by the physi cal func ti on subs ca le of SF-20 He -
alth Sur vey.36 The Ta i Chi gro up im pro ved 65% in
da ily ac ti vi ti es (physi cal func ti on) af ter comp le ting
a 1 ho ur twi ce a we ek, 6-month Ta i Chi prog ram
whi le the wa it-list con trol gro up im pro ved 22%. In
a re cent re vi ew on com pre hen si ve the ra pe u tic be -
ne fits of Ta i Chi, 17 con trol led stu di es we re exa mi -
ned and evi den ce was fo und to con firm
im pro ve ment in qu a lity of li fe, physi cal func ti on,
car di o vas cu lar func ti on, pa in ma na ge ment, ba lan -
ce, fle xi bi lity, strength, and ki nest he tic sen se.37 Ho -
we ver, data interpreting life quality asssessments in

senile osteoporopic population who practiced Tai
Chi exercise is lacking.

Pa in ame li o ra ti on and dec re a se in ten der ness
are ad di ti o nal be ne fits of Ta i Chi prac ti ce, as in the
pre sent study. It may be attributed to the im pro ve -
ment in mus cu los ke le tal fle xi bi lity and sta bi lity,
pre ven ting subc li ni cal in ju ri es. In ad di ti on, ae ro -
bic exer ci se may dec re a se pe rip he ral musc le re sis -
tan ce and in cre a se alp ha wa ve ac ti vity in cen tral
ner vo us system as a cen tral re la xa ti on sign which
can in di rectly con tri bu te to di mi nis hed pa in per-
cep ti on.38 Anot her mec ha nism may be the di rect
ef fect of in cre a sed cen tral be ta en dorp hi ne le vels
du ring exer ci se which pro mo tes pa in tres holds.39

The neural adaptations in sensory receptors and
golgi tendon organs can lead to improvement in the
interacting parameters; pain, functional status and
life quality in that way with increased expression of
muscular force and balance.

Several limitations of the study must be men-
ti o ned. One is that the con trol gro up did not re ce -
i ve re gu lar me di cal check ups and re gu lar so ci al
con tacts with each ot her in contrast to the in ter -
ven ti on gro up. The re fo re, com pa ri son of the li fe
qu a lity sco res bet we en the in ter ven ti on and the
con trol gro ups af ter 6 months may be mis le a ding
and re sults may be sug ges ti ve rat her than conc lu -
si ve. Anot her li mi ta ti on is that the Physi cal Sum-
mary Sca le and Men tal Sum mary Sca le of SF-36
we re not pre sen ted for the body and mind as pects
of Ta i Chi. 

In conc lu si on, Ta i Chi was ef fec ti ve in se ni le
os te o po ro tic sub jects to pro mo te, func ti o nal abi lity
and li fe qu a lity. It is an al ter na ti ve form of exer ci -
se with a po ten ti al to ame li o ra te pa in, func ti o nal
im pa ir ments and di sa bi lity owing to its ae ro bic,
streng the ning and ran ge of mo ti on com po nents.
Ho we ver, fu tu re stu di es are ne e ded to com pa re the
be ne fits du ring Ta i Chi and ot her types of physi cal
ac ti vi ti es in terms of pos tu ral con trol and li fe qu a -
lity as sess ments in this part of the po pu la ti on.
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