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lntroduction

Regular strength training is usually some fornr of cross train-
ing. After injuries or immobilization the restrengthening pro-
cess in rehabil itation is approached applying a combination of
cross training and muscle balance improvement in physical
therapy. The init ial gain in strength during strength training is
based on improved neuromuscular function [9]; morphotogic
or metabolic adaptations develop later. New training exercises
are init ially associated with some inefl icient accompanying
movements, which are controlled by impulses from the motor
cortex of the gyrus praecentralis. These effects are suppressed
by fascil i tations, and movement patterns become more effi-
cient through neural adaptation expressed by improvement
in intramuscular and intermuscular coordination. Not only
power and strength, but also muscle endurance improve at
the same level of energy expenditure. While strength training
is part of almost all sport training programs as well as in fit-
ness training, coordination training alone as balance training
is usually only found in technique training specific for a partic-
ular sport. Thus its typical eflects can hardly be separated lrom
those of the concomitant strength training.

Investigations on the effects ofa coordination training as bal-
ance training on strength gain have rarely been performed.
When done, it was usually in connection with complicated in-
juries, during which coordination training was normally cou-
pled with a strength training program [6] and in very old per-
sons for research on prevention of falls [8].

Based on the premise that  the gain in  s t rength at  the beginning
ofa strength program originates from neural adaptations, the
question considered by the present w0rk was whether and to
what extent neuromuscular function improvements, including
strength gain, can be achieved without strength training, with
only coordination training as balance training. However, it
must be considered that balance training may include
strengthening effects and strength training balance effects in
a closed kinematic chain.

The aim of the study was to quantiiy the possible gain in
strength by balance training in comparison to strength train-
ing. The directly related question of how muscle imbalance be-
tween the strength ofthe right and left leg disappears through
balance training was also considered.
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balance training program alone were compared to a strength
training program. Balance and strength training were per-
formed by 15 persons each for 6 weeks including .12 training
units of 25 min. Balance training was performed on instabil ity
training devices such as roll ing board, mini trampoline and large
rubber ball. The 15 persons of the strength training group train-
ed on machines for leg curls and on leg presses for 25 min per
unit. Measurements for balance were performed with one-leg
balance on a narrow edge and a ti l t ing stabilometer for 30s;
maximum isometric strength was measured using an isokinetic
device for each leg separately. The muscular balance between
dominant and non-dominant leg was calculated. Strength gain
was similar for the flexors and extensors in both groups. One-leg
balance improved af ter  balance t ra in ing (P<0.01)  wi th a 100%
increase over the strength training group (P< 0.05) and the sta-
bilometer test for each person in the balance (P< 0.01), but not
in the strength training group. In the balance group the init ial
difference between right and left diminished. fhe results indi-

_cate balance t3iling to be effective for gain i;-mfiuEr
strength, and secondly, in contrast to strength training, equali-
sation of muscular imbalances may be achieved after balance
training.
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A tota.l of 3O perso:rs agfeed lo p.-ri icl l;.te ir, thrs sr-:::y a;;:r '
being infcrlned .rboti l possible risi<s, 

-ihe1' h.,l l  a,l e;.4;,ge: i.:
so:ne physical tr; i irr ing orr f i iness rnach jnes lbr i.5 - 3'0 \ 'ears
io conpei lsa ie ic i  the i r  seCentar f  i i fe  s t f  ie  anc;ad io t  s i - t f -
;c; 'ed ; sc'i io.ls teg .n.1u. ; '  beic:e., ' ' lone I 'rail errg.',geC ;r; ::rari-
t ' t lur'r1 stisxglh training cr comletlt ive sirengf ; ' l  trainirg. c- oss
tra ln ing ie ;cs to s t .e: , ,q : i r  g ; i l t - '  in  par :  b l i  i r rc lease i r i  l i r t ia f ius-
cular  and in iermuscL, la; '  cccrd ieat ion.  

- ihe ie io ie,  15 persot ,s
we:e assig:ecl raniio;r: i, el;cept f0i gencle;' to; silengtlt ;.-ain-
i r , g  c l og i ; ; i r  g . c r rp , ; nd :he  o ihe r  15 , r ve re  ass ig l l ed  t o  a  ba l -

"rrce training prcgr.ln groirp. ln ihe flrst gro,':p 7 of l5 persons
i^,,erc' i 'er:raie, in the secorci 8. Tire a'" 'e;'age ;ge \ Ias 3't '7 =5.7
anc 3i.2 :4.7 ye;rs, ::;e height i77 : 8.0 ar:n 

':77 t 7.7 c;:r .rnd
the weight  74.2 t12.3 a: ;4 i2.3 t i2 .2kg,  respei t ive i l / .  The Ci i -
f . - e n c p s  , ^ / p r e : o  s i r - . ' . . f i ' -  - -  - - -  "  '  r : " : ' ; e 5  ; l l i l ; : ; i d- . o . . . . . \ c i l : 1 .  . - U . ,  I  l r {  J P J t  i  . i L  l l v l

joggi ng, dancirrg, har.:ctbal 1, bad mi:rton, voll eyba,l I, taile tenris,
te:rn1s ani ivere dist'r ibuied eciiailf in both gfoLlps.

The sense of b.rlance was tluaniif ied a'ncl assessed with 2 self-
co;rstn;cted apparatLlses. The ii;st 'rvas designed for ihe one-
leg baiance capacity test, whicfr was developed according to
pre l inr inary work by i le ishm;rr  [2 ] .1t  nakes r ise of  . r  base p iate
(50 x 35 cm) cn which a ie.tangulai t jO x 10 x 2.5 crn boaid was
lixed vrith its 2.5 cr:: side attached to the midline oi the plate,
parallel tc the long sides.' ihe persons being testeC placed orre
foot or.i :he small 2.5 cm edge while the other resteci on ihe
base piaie. Afte:'an equil iblium was fcund, the 2erson iiftecl
the leg from the base piate and balanced on the smaii ecige. At
ihe sarne t:me an elecrlcnic time measurement starLed by a
iight ccntact. The participants began the tesl balancing on fhe
right ieg holding iheir hands behind their baci< anci looi(ing at a
poii lt 0n the wall in f i-ont of them. The tesi was repeateii 4
times. Before the first test everyone nad practised the baiance
technique 8 i ines to get acqutinted rvith the test cievice.

The second appafairls applied was a stabilometer, which was
ccnstructed ;ccording to modifies originai plans of Singer

l i2 l .  I t  consis ts  of  a rectanguiar  base boaid wi th 2 gui0 ing r id-
ges attached to the long sicies and ccnnected v"ith a common
axis of rotation to which a board is attached, its piane parailel
io  the base p iate.0n the Doard rwo 28x23cm areas sur iaced
with rcugheneci rubbei 2G cm aparr \,\ 'ere mounted for roLrgh
posi t ion ing and to prevent  the standing pefsons s i ipp ing

iFig.1,. The ideai Cistance benveen the feet for each partici-
pant uras ciocumented by a scaie. The piaie ti i ted a naxiniunr
of l3', and if the leit or right side torrched the base plate, it r,r 'as
registered by an electronic device and recorderi as an errcr. The
iesi persoil hetd his or hel hancis fixed behjnci lhe bacl<. The
knees and hips were siigi.:t iy bent while the Llppei body leaned
iorwarci. Aiter stabil isation ihe test peiscn attetl.:piL'd to hold a
relatively stabie baiancei position lbL 30s. The test was per-
forri ied 4 times with a breali of 90 s bt't l l 'eerr each test.

For the measuren']ents of force an isokinetic device (Cybex
Norrn i witlr special softwa:e (Lumex) rvas appiied. The device
enabiecl exact positicning and fix.rt ion of the test person for
nreasurement of maximum knee exte'nsion and flexion. 

'fhe

ison-ietric nraximum strength measurerfients fbr both iegs
were i l l .rde i irst at a 50' angie fcr extenslon, ar:ri therr after
2 nin lest at 30 ior i ' lexion measured fioin ir.ri i  extetlsion, The
isometric tension was measured for 5 s and was fepeafed fwlce

FiE. i Sciemaiic Dr€sei' i tation of th€ stabliornetef w;th rnafkec
aieas for fooi positioning. Maxl;num iurfi i3 .

aiter 2 min rest i1-rfervais. ?he n;ximum iofcit le w;s calcL,htecl
in Newtonneters (Nm). Beiore n:easut'elrent the test perscns

wanned up for 2 nrin at an angular veiocity of 150 /s.

Because of lhe exact positioning requireC, i leasurements tocli
20 niin for extension at.rd flexion. Tl':e baiance measLlrell lell is
for one-leg baiancing and with the stabiiornetet took 10 i i ' : ir. l
each. The totai testing time amounied is 60 urit l, :rot raicing in
accoLint  r l te  ind iv io ' la i  r ime vvar t t t ing t rp 0 l l  a  b l ;yc le ergc-
ireter before ihe isokinetic meastlreneilts.

Troining progrsms

Both groups t ra ined 2-3 t imes/week for  4-G weeks unt i l  i2
training Llnits were completed. Final testing took place on the
following day. The stiengrh training grottp worked out on two
exercise devices with 2 sets of 5 repetit iol ' ls at 80% of trraxi-
mun'r sirength. The workioad remained urchanged thi 'otigh-
cut the rraining. The cievice lor leg press lvas individually aci-
justeci in a tecuntbent position, and ieg curls wete individually
perfor'med in a standardized manner with lumbar spine nol
stressecl in a sitt ing position. Each training Llnjt lasted 25 mir.

The balance training group slressed the hanstrings with a lttb-
ber  bal i  wi th a d iametel  of  0.g0 m dur ing each uni t  (Table l ) .
Baiance exelcise on the swinging piate iPosteromed, Haidei
Bicswing) ,  unstable p late (s tabi lonreter)  (F ig '  1)  ;nd min i
tianpoline mainiy stressed the clr.radriceps ntuscles, end o:r
tl ie ioli ing boari (Roia) both quadriceps muscles anci hanr-
strings. For dynamic balance improvement the 'Pedalo' anri
the stepper were alternated. One unit l.:sted 25 min ! ' i th 5 - 8
sets ior eacn exercise. Prelin'iinary tests had showtl that ffiore
ti-ran 8 units le't i to stiffening of the thigh muscies. The balance
tt 'aining devices '"ve:'e Ciffereni kom the balance measll lement
systems.
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The shor test  of  the 4 one- leg balancing t r ia ls  was e l iminated
and the average of the 3 remaining trials calculated. The per-
centage of change in balancing time achieved rvas recorded
for each individual. The results of right and left were added to
indicate the combined balance capaci ty .  The number of  con-
tacts made by the right and Ieft sidcs of the stabilometer were
added and the t r ia l  wi th the most  contacts e l iminated.  The
percentage ofchange in the number ofcontacts rvas recorded.

The isometric maximal force was calculated as the mean of 3
measurements, thus lorver than single peak force measure-
ments were found during short je rk-l ike movements. For bet-
ter comparison the percentage of change after training was re-
corded. The right-left relationships for each person lvere
standardised and expressed as percentage by subtracting the
results of the right from the left leg and dividing by the mean
of the two numbers.

After training all measurements lvere repeated rvith the same
exercise devices in the samc order on the same dav of the week
at  the same t ime.

Stotistics

The test for normal distribution according to Kolnrogorov
Smirnow was negative, thus the Wilcoxon paired t-test was
applied for changes r'vithin groups after descriptive presenta-
tion of the results (P<0.05). Group results frorr; one-leg bal-
ance tests and trvo-leg stabilometer tests as well as from gain
in total strength of both extensors and flexors were compared
by the nonparametric Wilcoxon signed rank test and adjusted
according to Bonferroni. The data were calculated by Excel 5.0.
The level of significance for the median of the group results be-
fore and after training was P < 0.05.

Results

For one-leg stand the mean increase in the balance training
group was 146% and 34% in the strength training group
(P < 0.01 and P < 0.05). The mean time and the large variabil ity
are shown in Table2.  The best  s ingle resul t  (+328%) was
achieved by one participant from the balance training group,
in which a l l  reached a bet ter  resul t  (P < 0,01) ;  in  contrast ,  some
persons from the strength training group showed a small de-

crease (Fig.2) although the group together showed an increase
(P<0.05). Greater individual training responses were remark-
able, especially in the balance training group.

As for the stabilometer the balance training group showed a
positive but individually variable response after training
(P < 0.01 ) while the strength training group again showed de-

lsometric exercise:
Both legs; knees
sl ightly bent,
optional slow bending
and stretching of the
legs

lsometric exercise:
always start with
both legs,
40 s max on one
leg  -  change s ide

Ba lance

throw ball in
the air, catch
it, repeat;
try to close
the eyes
throrv ball in
the air; catch
it, repeat;
try to close the
eyes
throw ball in
the air, catch it,

try to close
the eyes

5x20 s  each

as long as
possible

at least
5x20 s each

Balance Pre

training Post

Strength Pre

training Post

Right
12,7 !2.53
1 0.41 2.13

13 .0 r  1 .79
1 2.3 1 1.60

Left
r  3 .0t  2.36
10.4!2.42

12.7 !1.94
12.8!2.23

Right
6 .8114 .61
' t4.2!6.75

6.72!4,05
8.05 + 3.97

Left

6.90 r 4.1 7
14.4t7.19

6.99 r 3.67
8.57 + 3.84

Fig.2 Changes of the t ime of one-leg left  and r ight
standing; balance training left  side, strength training
right side, pre and post: before and after training.

pra
slrengh

Table 1 Device and mode of exercise for balance training

Apparatus Type of Exercise Option Load

Pezzi-Bal l one leg 5x20 s each

#*

Bios l ing ,
Min i -
trampolin

ROLA

T
at
Pedalo forward and backrvard
Stepper with the back towards

the apparatus, stand
on the front of the
foot

Table 2 Changes in balance measured by the number of touchdolvns
right and left  (n) and the t ime standing on one leg (s) r ight and left  be-
fore and after balance and strenoth traininc

Touchdown (n) One leg standing (s)
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F ig .3  Charges  in  tne  number  o f  to r rch-
Cc-rwr:s on tne siat i lomeier . 'v i :hin 3Cs,
taken the resr: i ts of botn iegs loqelher.
Vleasufements before ipie,) anC after (p<tst)
l2  t r 'a in i r rg  - r i t s  o f  ba . ; r :e  i .e f : )  and
si iength trainirrg (f :eht).

Fig,4 Percentage ard standard deviat ion
of the gain ir  isometnc rnaximLlm strength
cf the e)i tenscrs anc t le f lexors, disp:ayed
for  t le  . .gh l  a r rc l  l+ [ t  r r r i ' b  sepa i i te ly .
Ba j ;nce  t ia in ing :  co lu r rns  1  -4 ;  s t reng ih
i r : i n i n n  r r . l r  r m r <  5  - . Q

pre
baiance

pre

slren(t ih

g

o  t 5

1 0

5

trgri .eli i;gil en r,til

E \ i c ra lcn  : l cx rcn  r r le rs , tn

blrnd .r.ngth

Table 3 Changes in strenEth iNm) of the extensors and f lexors, data
before  ard  a f te r  ba lance t ra in ing  (n  =  15 ,  8  men,7  wo inen)  and a f ie r
strength training (n = 15, 7 men, 8 rvomen)

[xtensors (\m) Flexors (Nm)

Balance

t f a i n i ng

St iength

Pie

Post

Pie

Post

Right Left Right

179 t  63  171 !59  
'100 

t  36

2 0 0 r 6 5  i 9 9 t 6 5  1 ' , l 2 i 3 6
' l  
8 1  : 6 0  1 8 1  t  5 6  1 0 5  t  3 5

2 2 N = 7 2  2 2 0  1  6 6  ' 2 0 ! 4 4

Left

9 9 :  3 6

I  i  |  : l  J )

' I  051 37
1 i 8 r 4 l

creases in some persons end oniy a small increase as a grotlp
(Fig.3). The number of touchdowns is shown ior right arid ieft
leg in Table2. The maximal single perioimance was 52% by
one person in rhe baiance tiaining group and 1716 in ihe
strength training group,

The maximal strength en.lbled us to compare the r.rt io of the
extensors to the flexors at each side before and after the differ-
ent i( incls oitrairing. The stfength ofthe flexors increased in all
persons in both groups {P< 0.0.1 ), and of the extdnsors in all
p;lrt icipants except iar one in the balance training groltp
(P<0.01 ) .  The gain in  s t rength of  the exter ' lsors was 22% on
both sides after strenglh trarning, and ii l  tendency higher than

-L
ffir I
ffiE#
ffiffi

'drr 
-;r;:'

I
ffi

ffi
K

after baiance training ',12%); the results of each side are pres-
ented in Table3, the gain in strength of the flexors was only
slightly higher after strength training (Fig.a). The gain in
strength of the exiensors showed a maxintum of 55% in one
.ase in the strength training group and a n'laximum of 27 % 'ior

somecne in the balance training gloup, and fcr the flexors 33 ?e
and34%, respectively.

When the results of right and left were compared (Fig.5i, there
were very clear difierences in strength g.rin for the extensors'
which increased in :l l  but one person (participant numbef 2)
of the strength training groi-rp (P < 0.01 ), and to an even higher
extent in the baiance training group in u'hich aimosi all per-
sons feached simiiar strength of the r"xtensors right and left

iFig.5). Person 
.i0 

demonstrated a remarkable loss oi strength
on the left side, showing at the sane time the highest effect ott
the balance t ra in ing group,  in  which persons2,4,7,  and 8 a iso
reacheC a relative baiance in spite of an init iai imbalatrce ttp tc
.19% but without a ioss of stt 'ength ;n the ciominant extremity.

As for the flexcrs (Fig.6) the strength training led to an in-
crease in muscular  imbalance ln 4 cases,  whi le  a l l  persons o i
the baiance tr.rining gioup showecl an i inprovernent in bal-
. rnce,  in  3 equi l ibrat ion.

.l

:a-
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Fig.5 D:fference in maximum isometric strength of the extensors
i ight versus ieft  before and ;f ter training for each person, given as
percent .  Ba lance t ra in ing  group above (1  -8  wor .nen,  9 -15  men) ,
s t renEth  t ia in ing  group be low {1-7  women,  8 -15  men) ;  shaded co i -
umns before, unshacjed col i .rmns aftef training.

Discussion

The cluarri if ication of the gain in femoral n')Ltscle slfength aftei
balance trainiirg shovr'ed a compara'ble gain in flexors and ex-
tensors.' l 'he strength training iacked a sirici periodisaiion and
sevefity and enconpassecl a ielatively smali amcunt of tra.in-
i;:g tine exactly matched to the balance training. Nevertheiess
the srrength of the l ' lexors anci extensors oi the oaiance train-
irg group could be increased by a similal percentage which
may pafi ly be due to an adaptafion to ihe tesfing device.

The gain in  f lexor  and extensor  s t rength in  the balance t ra in ing
group \ ras sinri lar to that in the stfength training group. Int-
proved sympaihetic tr. insmissiolt oi ntotcr l ' lel irolls might be
an explanaiion i1]. ln earlief stLldies electrophysioiogical tra-
ces of reinloicement were shown when ceriain l-t lovements
were peflbrmecl [13]. The effects might be caiied iearning et-
fects.

Exerc is ing in  a c:oser l  krnemat ic  ch.r i r  l ike rnat . ,  press ancl
meas,.rrirg with an open cliain nright h.rve irf lr.r:nlr- ' i1 the re-
sui ts  so:hat  the one- leg balance showed;  gatn. - : i ler  s i rengih
lrainii-:g. Cr-r the other hanci, exercising on a rubber b.rl i  rr ' , ight

'ul

Fig.6 Difference ln maximum isometric sirength of the flexors
right versus ieit before anci after training for e;ch perso:r, given as
perceni. Beiance tralning gr-oup abcve (i -8 wonren, 9-15 men),
s i rencth t ra in ing groLrp beiovr  i i -7  women. ,1 -  15 men);  shaded
cciumrs before,  unshadec columns af ter  t ra in ing.

have induceci a gain in strength ofthe hamstiings. Cross train-
ing effects seen'l possible. The in:portant aim of the studv,
however, was that b.rlance training induces gain in strength,
possibie cross training effects being smail.

For the extensors a certain strengthenrng efiect by the one-leg
standing exercise must be discussed because of the one-sided
stress. Cornpared t0 strength training, Ihis stress appears lo be
alnrosi negtigible, neveitheless simiiaL effects weie iound. The
gain in strength does not seem to be due to changes in contrac-
ti le pattern of the muscles since no change in maximal twitch
iorce, maxirnai torque development and rate of reiaxation
lvere seen in srrength training 17l. l 'he different gain in
sirengtn after maxirnun'l stiength training cannoi oe attribu-
ted to the bettel trainabil ity of muscles less stressecl cluring ev-
ery day l if 'e: the cuadriceps muscles were relatively better
frained than the hamsrlings.

After balance training an increase in balance performance
could be expected anci was shovvn on the stabilometei, this in-
cfease was missing after strengih tlaining. For thc'one-ieg bal-
ani:e the peffornance increased, nowever, alsc after sirength
fraining, presumabiy based on e tlaining effect on the rellex
ccntro i  o f  muscie acr iv i ty  indr lced by exerc is ing in  the c losed
kine:':.r. lt ic ch.rin wiih known proDrioceptive effects. 1'he gain
rn stierrgth mav be r-'xplainecl by an improved intramtrs;rriar
and intei-musciri. ir coot'dination, as u,ell as bv; ri iore econorll-

1  2  3  4  5  6  7  6  I  1 C  i l  ' t 2  ' ' 3  1 1  1 5
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ic  act ivat ion of  agonists ,  thus achiev ing a stabi l isat ion of  the
extremit ies [11] .

The related question of how muscular imbalance improves
from balance training could be explained in part by the chang-
ing but equally intensive stress on both sides' Neither the ex-

tent of the clear strength increase of the rveaker muscles for

improving the balance nor the case of decreased strength of

the previously dominant l imb have been described previously.

The lack of improvement in muscular balance during flexion
after strength training is diff icult to explain in view of the mus-
cular balance improvement of the extensors in both Sroups.

lmproved muscular balance is an important part of injury pre-

vention. Some of the participants spontaneously described a

feeling of increased stabil ity, but it is not possible to judge

whether this is due to the gain in strength or the improvement
in muscular balance. Most persons show a muscular imbal-
ance to some extent which may vary greatly, analogous to the
present group. For the extensors maximal isometric strength
tests showed a clinically non-relevant difference of 1.1 % be-
tween right and left leg foryounger, and 3'4% for older persons

15,101. On the other hand, in accordance with the present re-
sults differences up to 10% were considered to be normal for
isokinet ic  measurements [10,161.  Some authors c la imed h igh-
er injury rates when imbalances exceeded 10% l4l. To date,
muscular imbalances have not been recognised as important
enough to be treated unless immobilisation or injuries caused
obvious one-sided atrophy. ln these cases strengthening of the
atrophic region has been supplemented by balance training in-
creasingly during the last several years. This addition has Ied to
earlier improvernent in and recovery of function.

Based on positive results ofshort-term exposure to destabil iz-
ing p lat form movements leading to an inhib i t ion of  inap-
propriate motor response and improved balance, balance
training was applied to frail persons over 75 years ofage [151.
Resistive training with simple machines and balance exercises
to improve postural control, a combined training and a control
group were compared after 3 months l8l. Resistive training or
the combination with balance training yielded an improve-
ment in strength, but contrary to the present results, balance
training yielded no improvement in strength. Balance exercise
was conducted in a much lower intensiry than in the present
investigation.

The application of the present results seems to be important
not only for younger active persons but also for older ones
since balance and strength decrease with age [14]. Only in old-
er persons a relationship was found between muscle perform-
ance and balance. Strength training resulted in a smaller gain

in balance than proprioceptive training in a group ofolder sub-
jects [31.

The effectiveness ofstrength training has been rvell document-
ed and is widely accepted. Now significant gains in strength
could also be shown from balance training. Applications in re-
habil itative and preventive medicine as well as for geriatric
patients need further investigations
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