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Hormonal responses to wiole-body vibration in men

Abstract The nim of this study was to evaluate the acufc
responses ol blood hormone concentrations and neuro-
muscular performance following whole-body vibration
(WBV) treatment. Fourteen mule subjects fmean (SD¥) age
25 {4.0) years] were exposad to verucal sinusotdal WBYVY,
10 times for 60 s with 60 s rest betwecen the vibration scts
{a rest period lasting &6 min was allowed after 5 vibration
sets). Wenromuscular performance tests consisting of
counter-movement jumps and maximal dyoamic leg
presses on a slide machine. performed with an extra foad
of 160% of the subjects body mass, and with both legs
were adniinisiered before and immediately after the WBV
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lreatment. The averuge velocity, acceleration. uverage
torce. and power were calculated and the root mean
square electromyogram (EMGrms) were recorded from
the vastus lateralis and rectus femoris muscles simuita-
neousty during the leg-press measurement. Blood samples
were also collected, and plasma concentrations of tes-
tosterone (T). growth hormone {(GH) and cortisol {(C)
were mensured. The results showed a significunt increase
in the plagsma concentration of T and GH. whereas ©
levels decreased. An increase in the mechanical power
outpui of the lcg extensor muscles was observed together
with & redoction in EMGrms activity, Neuromuscular
efficiency improved, as indicswd by the deceasc in the
ratio between EMGrms and power, Jumping porfor-
mance. which was measured using the counter-movement
jump test, was also enhanced. Thus, it can he argued that
the biological mechanism produced by vibration is simiksr
to the cifect prodaced by explosive power lraining
(umping and bouncing). The enhancement of explosive
pawer could have been induced by an incrcuse m the
synchronisation activity of the motor units. andjor im-
proved co-ordination of the synergistic muscles and in-
creased 1nhibition of the antugonists. These results wug-
gost that WBY freatment leads to acute responses ol
hormonal profile and neuromuscular performance. [t iy
therelore likely that the effect of WBY treatment elivited a
piological adaptation that i connected to a neurul
potentiation effcet. similar to those reported 1o oceur
following resistance and cxplosive power traming. In
conclusion, it 1§ suggested that WBY mfluences prop-
rioceptive feedback mechanisms and  specific neural
components, feading 10 an improvement of neuromus-
cular  performance. Morcover, since the hormonal
responses. characterised by an increase w T and GH
concentration and u decrease in Ceoncentration. and the
increase in neuromuscular effectiveness were similta-
neous but independent, it is speculated that the two
phenomena might have common undertying mechanisms.

Key words EMG - Growth hormone - Jumping
performance - Testosterone - Whole-body vibrations
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introduction

Recent studies have documented the effect of vibration
un the ncuromuscular appavatuos. Acute frcatieut with
whode-bedy vibraiion (WEBVY) has been shown to in-
crease leg muscle force (F) and power (H). and
movemett velocity, Afier 10 min of vibration treat-
ment the velocity/ £ and B/ F curves were shifted to the
right {Bosco ot al. 1999a). In 12 well-trained boxers,
treated with 5 repetitions of 1-min vibration that was
applicd while their arms were kept In a semi-flexed
position, an increase in the mechanical W of the arm
wus observed, The root mean sguare of the associated
clecuromyogram {EMGrms) did nor change following
the vibration treatment. but the ratio of EMG/W
decrensed. showing an cnhancemeni of neural cffi-
cieney (Basco et al. J999h) Apart from these acute
effects. vibration may induce chronic adaptation
changes in the mechanical behaviour of human skeletal
muscles: i daily serics of five vertical sinusoidal vi-
brations lusting 96 s cach and imposed For a period of
10 days caused pronounced improvement of jumping
performance (Bosco ot al. 1998). These results suggest
that vibration elicits short-term and long-ferm neuro-
genic adaptaton. In accordance with this, previous
sitndies hove demonstrated & factlitunon of the excit.
ability of the patellar tenden reflex by sibration ap-
plicd to quadriceps muscle {(Burke eral.  1996).
vibration-induced drive of z-motonreurcnes via the Ta
toup (Rutdnnuller and Calarcll 1995) aud activativn
of the muscle spmdle receptors (Kasei ct al. 1992).
However, muscle tissue can also be affected by vibra-
tron {MNecking i al. 1992). In rats. o vibration-induced
cidargement of slow- and fast-twitch fihres has been
demonsirated {Necking ot of. 1996}

A question ariscs as to whether vibration effects
inchide adaptive changes and changes m endocrine
functioas. It has been shown that short-term intensive
excrcises such as 60-s consceutive jumps (Bosco et al.
1996a), anacrobic cyele cxercises {Adlercrcuiz et al.
1976; Miver: et al. 1985 Buono ot al. 1986 Farrell
et al. 1987 Brooks cf al. 1988, Kracmer of al. 1989
Schwarz and Kindermann 1990) and weight lifting
{Kraemer et al. {1990; Schwab et al. 1993) evoke rapid
hormotidd respesses. Al the same Ume, ertain rela-
nonships scem to exist between plasma concentrations
of hormones and short-term  performance:  athletes
with better explosive strepgth and sprint-running per-
formances have a higher basal concentration of tes-
tosterone (T, Kraemer et al. 1993: Boseo ot al. 1996h}.
[t has been domonstrated that exercise-induvced hor-
monal responses are significant nat only for acote
adaptation. but ulso for triggering long-ierm training
cflects (Tnoue ot al. 1994; Virg 1994 Kraemer et al.
1996} Similarly, the vibration-induced  hormona!
chunges may be significant for chronic mprovement
of neuromuscular function in repeated cxposure to
vibration.

The wim of the presen study was 10 1080 the possi-
bility that WBYV induces changes m the plasma coucen-
tration of hormones that are known to be assouated
with the adaptation of muscalar activity,

Methods

Subjects

A proop of 13 male subjects fmean (SD) uge 251 (4.6) veurs, body
mass (ry) B9 0129y kel hesgho 1774 (1235 emi} veluntariiy par-
tciprited o the study. They were physically aetive and were en-
waged in a team spori truining program ee Limes a week. Fach
subject was instrocted on the protocel and gave their wrillen
informed consent Lo pariicipate in the experiment. which was
approved by the ethical commnittee of {he Ytakiap Sovety of Sport
Setenve. Subjects with a previous history ol fractures or bone
imjuries were excloded from the stody. as were those under the age
of 1% years. The profocal consisted of performing jumping and
mechanical B testing together with electromvographic (LEMG)
analysis of teg extensor muscles. as well as Blood collcction fin
anadysis, before and immedintedy atter the 10-min WBY fresfiment.

Testing procedures

The firss blood swmple was taken afier the measurement of height
and iy, The sobjects then perlonmed @ 10-min warm-up, consisling
of 3 mis of bicychog i 23 Koyh on o evele erganeter (Newfornn
e, Ageoll Piceno, Halvy Tollowed by 8 pain of static stretching
for the quadnceps and 1nceps surae muscles.

JnmnE measurcments

After (he wann-up, as well as after the vibration exposure, the
subjects perfunned three thals of o counler-imovemen! innp
(CMI} The fight time (1) and contact tme {¢) of each single jump
was recorded on o resistive {capacilative) plattorm {Bosce et al
1983) that was comnected Lo a digital tiner (secoraey =001 &
Ergojump. Psion XP, MA GLCAL Rome, Naly). TFo avaid un-
measurable work, horizontal and lateral displaceinents were mini-
miseck. and the hands were kept on Lhe hips throughout the test.
Druring OWE the angular displaccment of the knee wes standard-
ised so that the subjecls were requared 1o bend thetr knee (o ap-
proximately 907, The increase in ihe centre of gravily above 1he
ground thetpht in m) was measured [fom ¢ (3) by applyving batlistic
Lirws:

B g 8 Hmy i)
where ¢ is (he accelerntion due fo gravity (951 m - 7). The hest
perfonnance was wsed Tor stalistical analysis,

Reproducibility of jumiping measurements

The reproducibility ol the increase in the cenlre of gravity dening
CMI performances was lugh r — 0,90 {Bosco and Vitlasalo 1982).

Mechanical # measureinenis

After the jumping test. ali of the subjects, who were well accus-
temed with Lthe exercises. perfonmed muxiimal dynamie leg-press
exerwises on a slide machine (Newform s.pa) with extr foads of
16605 of the wnhject™ aa, . conresponding 100 0% of 0 ome-repetiting
maxiunum (IRM), with both fegs. Five altempls were made with
[-min intervals between each. Since (wo or three tnials were neaded
o reach @ platean in performanee. the list two trials of each sef of



mencurements tecorded wers gueragsd and nsed foe statisticnd
analysiy, as secomnended by Tomvall (1963) and Bosco el al.
(1993}, Dunng the wsl, the verticsl displacement ol Lhe foad was
maiitored with o ensor fencoden) rmachine (hMuascle Lab Boseo
System, Ergotest Technolopy, Langensund. Norwnay) that was m-
terfaced Lo oa PO When the loads were moved by the subjects, o
stenal was transmitled by the sensor al every 3 mm of displacemend.
Thus. B was possible 10 caleniate several pacameiers. such as av-
erdge velowty, ncecleration, averuge F. and average power {H),
corresponding 1o Hhe load displacements (for details see Bosco et al.
1083), However. since it has been shows that B s the most sensilive
parameter among al of the mechanical variables studied, it was the
emly one considered for stutistical analysis {Bosco et al. 1995),

EMG anulvsis

The signals lrow the vastes faleralis and rectus femoris muscles of
ane leg were recorded during the lep-press ineasurements, with
bipolar surlace electrodes (mfer-elecirode distunce 1.2 cm) that
were fixed longitudimally over e muscle belly. An ampi;lwr {gam
600, lnput unped.mu. 2 GQ, common-mode regection  atio
108 dB. band-pass fler & 1500 Hz: Biochip Grenoble, Irance)
wos weed. The Musclelub encoder converted the supplified MG
raw signad 10 an average rool-mean-square (rns} signal via its bl
in hardware cireuit petwork  (Fregueney  response 450 kHz
averaginy vonstant 100 ms, tokal error =0.5%), The EMGnrns is
expressed ax function of the tme (mV or p¥. Since the EMGrms
stenals wers used th asseciation with the biomechanicnl parumelers
measured with Musclelah, they were sampled simullaneously al
104 Hz. The subjects wore a skin suil L prevent the cables [rom
swinging and from eausing movement artifacts, A personal com-
putler {PC 486 N33 MBEz 1 was used 10 colfect and store the data.
The values obtained Jor bolh the vastus Jaleralis and rectus fernonis
muscles were averaged for stalistical anulysis, as sugpested by
Beseo and Viittasato (1982) and Viitasalo and Bosce (1982)

Relinhility of the mechanical ¥ and EMG measuremenis

Table | gives (he mean value, S, coefficient of correlation {r} ant
coafficient of vaviation (CV) of the results from the last Lwo trials
firial 4 and trial 35, The CV showed results ranging from 6 Lo 12%,
while high correlation coellicients \\ere found (r—= .90, .92, and
0.94 for W, EMGrms and EMGrms: B, respectively: P = 4.001)

Honronal measuremenis

The first Bood suinples were diawn at 800 a.m. rom an antecu-
bita! vein after the subjects had fasted for 12 hand rested for | day.
}he second blood sumple was abtained right alter \he end of the
vibration treatment. “Fhe subjects were asked to sit near o the
vibration machine, where an appropriate setup wus prepated for
blood collection, The blood sainples were drawn in the | min fol-

Table | Relishility of two successive trials {trials 4 wmd 53 Mean
{SD) power (MY expressed as @ lunction of body mass, electro-
myogran root meun square {EMGCrag), and e LMGH Tl
measured during ley presses execoled with a load of [(04%% of the
subject’s budy mass fn = 12) before vibration treaiment. {r Peur-
son product moment comrelation cosflicient. O3 coellicient of var-
iation for repeated nmusuremcnm

Yanables Triat 4 Frial 5 I (Y
HOPW kg L6125 L1318 090% 6l
EMrms (V) 1571 (715 1452{70.6) 092% 123
]WIGrmq 13 {1.1\ \\""i} 3.6 {7.8) 129¢32) Do4% 112

'
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lowing the end of the vibracon reatment Secrum samples o he
used for the hormone determinations were kept [rozen at 20 “C
untif assaved. The assays Yor serem total T and cortisel (C) were
performed by radiolmmunoassay {R1A} nsing reagent kils (Diag-
nostic Products Coerporation, Los Angeles. Calif.. USA). Growlh
Lotmmene (CGiFY was mpeasured using RiA ceapent kils wlraie:l
tromm Radinm (Pomezia, Baly). All sinples from ihe tesied subjects
were apalysed using the RIA counter (COBRA 3085, Packard
Instrurments, Meriden. USA). The Intri-assay coellicients of vari-
alitm for duplicate samples were 3.63% for T, 5.1% for € and
1% for GH.

Treaiment procedures

Subjects were exposed 10 vertical sinusoidal WBY using & deviee
called the NEMES 30 L (KB Ergolest. Mikkel:, Finlnd). The
freguency of the vibrativns used in this study was sel al 26 Hz
(displacement = =4 mm: acceleration — 17 g). The subjects were
expesed ten limes for o duration of 60 s, ‘.\ilh 60 5 of Tesl belween
each trestinent. After five <etg of vibrution freatmeni the subjects
were allowed 6 min of rest. und then 2 second set of five vibration
trealments was administered. The WBY was pertormed with the
suhjects staneding with theiv taes an the vibration plaifuorm: the knee
angle was pre-set at 1007 flexion. Dusing all of the vibralion
trealments the xebiects were asked Lo wear gyinnastic-{ype shoes Lo
avoid bruises.

Stutistical methods

Ordinary statistival methods were emploved, including the caleu-
lation of means (x) and S, The Pearson product moment eorre-
lation  coeflicient (v} was used for lest re-tesf measurement
reliability. The SD and CV of {esl re-lest measurements were cal-
culated using the Tollowing equation {Thorstensson 1976},

SD) % (v ey (2

where v, and v, are the mean average values ol (wo successive
measurements. and SO is the standard deviation of the mean dif-
ferences batween test re-test messurements Differences holween the
mean values before and sfter the vibration trealimenl were lested
for signilicance using Studenti’s r-test for paired observations. The
tevel of stutistical significance was set al £ < H05

Results

The WBYV woatment cflected o significant increase in
plasma concentrations of T (£ == 0.026). and GH
tP = 0014, while € concentration decreased signifi-
canthy {P = .03, Table 2). The mechanical # output of
the leg extensor muscles. measured while performing
maximal leg-press cxercise, was significantly enhanced
(P =~ 0043}, while the EMGrms derected in the log
cxtensor muscles reduced during test performance, as

vibration on  blood
srowih hormone,

Table 2 Acute  ellects of  whole-body
concenirations of cortisnd, testosterone and
Values are given as the mean {SD)

Before P. paired

Partinens Adler

vibrahon vihration 1-test
Cortisol (nmot - 174 682 (355) et (25T) ona
Testosterone (nmol - 7'} 227 {66} M 306.0) 0626
Growth hormone (ng - mid™') 6.2 (162 N6 (20,6 0014




Table 3 Avepnge mechanigal . EMCiems aid counler mouve ient
iz (CALA performances recorded belore { Pre) and after {Pusi)
vibration treatment. Slalishically significant differences were una-
lysed using Stdent’s r-1est for paired observations

Varinhles Pre okt Pl
oW - {w } 114422} 122 2.1} 0.003
EMGrins (v FST.8 148.%) P36 (49.7) 11,008
CMJ {enm s 5{5h 0.001
BViS! Pover
X
)
Ptk

15 l’

10

54

4t

Fre Fost

Iig. 1 Electrumyograin {EMG) average mechanical power recorded
betore (Pre) und ofter {(Posi) vibrufion treatment of the leg extensor
muscle during Jeg-press exercise performed at 160% ol the subject’s
boedy mass. **Satistcally significant differcaces (P < 9.001) between
the test performed before and aflter the treaiment penod

comparcd  to pre-treatment  values  {see Tabie 3
P == 0L008). Conseguently, the EMGrms: # ratio
decreased (£ < 0001 see Fig. 1). The jumping perfor-
mance was also positively aficeted by the vibration
weatment,  effecting  a sigmficant  enhancement
(F£ = 0001 Sce Tabie 3).

Discussion

The results obtained show that an acutc sct of WBY
treatments induces mcreased blood concentrations of T
and GH. Since the C concentration decreased, the hot-
monal response to vibration reproduced neither o gen-
eral stress reaction nor a response that 15 common for
high-imensity excrcises (Viry 1994). In cxercise. the

rapid endocrine activation is triggered by collaterals of

ile coeniral motor command to the hypothalamic
ncuroseerctory and autlonomic centres. The responses
arc further supported by positive feedback influences
from proprio- and metaboreceptors in muscies (see
Kjoer 1992). In vibration, aithough certain cortical in-
fuences cannot be exclided (Bosco et al. 1998), the same
cortically onginating cfiferent pathways are not used, as
has beea shown to be in the case when performing vol-
untary comractions (Burke et al. 1996). Experimenis on
partially curarized subjects have demounstrated an in-
creased central motor command that is associated with

exaggerated activation of the pitaitaryv-adrenocortical
and sympatho-adrenal systems. as well as Increased
production of GH (Kjaer ot al. 1987). Small doses of
epidural anaesthesia were used to block the thin sensory
wiferent nerve fores. leaving (he (hicker alicient itbres,
and consequently the motor function almost intact. The
essential role of nervous feedback rom working muscles
has been shown for corticotrophin and fi-endorphin re-
sponscs. but not for somatoirepin. insubing, glecagon and
catecholumine responses (Kjaer et al. 1989), Thus. the
lack of a € response may be explained by the msutlicient
stimulation cffect of both central moetor command and
uwervaus feedback frem skeletal muscles. However, the
decrease in € concentration allows us (o suggest the
occurrence of an accompunying inhibitory influence on
the hypothalamic neurescerctory coentres. probably from
the hippocampal serotonergic structures (Knigge and
Hays 1963}, The pronounced responses of somatotropin
und T indicate that there should be differences in the
activation of various hypothalamic nouroscoretory
structures. These facts point to differerces m the ceniral
control of various endocring systems during vibration.
The design of this study does not allow us o com-
ment on the metabolic effects of C. GH and T during
vibration. Nevertheless, atteation should be paid to the
effects of vibration on muscle W and jumping pcrfor-
manges. since the mechanica!l behaviour of the lep ex-
tensor muscles demonsteated a dramatic enhancement
after WBY lasting only 10 min. However, a reasonable
explanation for this improvement cannot casily he
found, counsidering that the mbliletes in the prescat ox-
perdments were well accustomed with this type of exer-
cise, and therefore any learning effect of the mavement
execuicd could be excluded. Enhancement of the per-
formance of the leg extensor muscles has been observed
afler several weeks of heavy resistance traiming (c.g.
Coyle et al. 1981: Hiakkinen and Komi 198%). Such ad-
aptation effects have been attributed to the improvement
in ncuremuscutar behaviour caused by the increasing
activity of the higher moter centres {Milner-Brown et al.
1975). The results of the present experiment suggest that
the WBY cawsed an improvement of the neuwromuscular
efficiency. as demonstrated by the decrease in EMG
activity of the leg extensor muscles associated with the
increase in muscle B output. Stmilar observations were
recenily noted in weli-trained boxers who were subjecied
to five repetitions of L-min vibration dppllcd to the arm.
This treatment resulted in an increase in mechanical i,
and no change in the EMGrms. Consequently, .the
EMG: % rmtio decreased (Bosco ot al. 1999b). A
reduction in EMG activify associated with a given
concentration of force production hes been noted at the
end of a long-term resistance training program {Knoi
et al. 1978}, In athletes truined with submaximal loads
ranging {rom 70%-80% of 1RM. thc maximal EMG
response decreased ot the beginning of the training
prograz {Hdkkinon apd Komi 1985). Thus, it is likely
that WBY treatment elicits a biological adaptation that
is connected to the neural potentistion cffeet. similar to



that preduced by resistance and explosive power train
mg. in lact. this suggestion is consistent with the
knowledge thut the specilic newronal components and
their proprioceptive teedback mechanisms are the first
structures 1o be influenced by specific training (Bosco
ot al. 1983; Hiikkinen and Komi 1983). There arc several
vuvs 1 which explosive power training can influence
neural activation, such as by mereasing the synchroni-
sation activity of the motor untts (Milner-Brown ¢t al.
1973) In additon. 4n improvement in the co-contrac-
tion of synergists and increased inhibition of the an-
tngonist muscles camiot be excluded. Whatever g the
case. an intrinsic mechanism appests to exist. which
enhances neuromuscular uetivation after specific explo-
sive power training.

On the other hand. the possibility that T influences
the nervous structures should aot be cxcluded, Experi-
ments on birds have shown that T has an effect on the
up-regulation of  acetvicholine  veceptors i muscle
{Bleisch ot al. 1984). 1t has been suggested that this T
effect may be connected to the calciwm-handling mech-
amism in skeletal muscles (Rolling et al. 1996). Tt should
ke noted that i human cxperiments. a postiive rela-
tionship between the basu! concentration of T and both
sprinting and explosive power performances {evaluated
with 4 CMJ test) has been observed (Bosco et al. 1996}
Finully, the duration of the stimulus seems (o be mn-
portant. The adaptive response of human skeletad mus-
cle to simulated hypergravity conditions (1.1 g), applied
for only 3 weeks, caused a marked enhancement in the
neuromuscular furctions of the leg extenyor muscles
{Bosco 1983). in addition, chronic centrifugal force (2 &)
applicd for 3 months (Martin and Romond 1973} in-
duced a cenversion of muscle fibre type. In the present
wiperiment, even if the total length of the WBY period
was only 0 min, the perturbation of the gravitational
fictd was dramatically high (17 #). An cquivalent length
of training stimulug ean be reached only by performing
200 drop jumps trom a height of 100 cm. twice a week
for 5 months. in fact, the time spent performing coch
drop jump is about 130 ms, and the acceleration devel-
vped would Larely wach 3y (Bosco 1992).

In conclusion. we have shown that acute exposure 1o
WHY causes increased plusma concentrations of T and
GH. and a decrecased plasma concentration of C. The
inereases in newromuscular cficctiveness and 1 concen-
tration were simultancous but independent responscs,
however the two phenomena may have a common
mechanism.
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